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GLOSSARY 
Grower Company – Typically has a formal management structure with large scale 
operations and many thousands of afforested hectares, some own processing plants 
(Howard et.al, 2005). 
Harvesting contractor – Provides infield felling, processing services and is directly 
involved in the conversion of standing trees to market specific requirements.  
Transport contractor – Provides logistics services of moving converted timber to the 
processing plant or mill. 
Small-scale timber grower – Practices forestry on communal land and is less than 
100 hectares (Howard et.al, 2005). 
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ABSTRACT   
South Africa adopted the practice of conducting technical surveys from Austria three 
decades ago. The Austrian technical survey was used to model the South African 
technical survey. The survey was conducted with the aim of providing the forestry 
industry with a detailed analysis of the state of timber harvesting operations. The first 
technical survey in South Africa was conducted in 1987, and the second one in 1998. 
The most recent study was carried out in 2007. Since 2007, there has been no other 
technical survey of a similar nature conducted on harvesting and transport operations. 
There is no recent information quantifying the volumes harvested, identifying 
harvesting systems and methods used, and determining volumes harvested using 
these systems and methods. Furthermore, no updated information exists on the type 
and quantities of timber trucks transporting the volume. A fourth technical survey that 
quantifies and analyses these aspects in harvesting operations, therefore, was due. 
The fourth technical survey aimed at quantifying the number of harvesting machines 
and timber trucks. The survey further investigated the drivers behind the 
mechanisation and system preference. The four technical surveys were compared to 
identify trends in harvesting machines and methods. The data were collected from 
grower companies, harvesting and transport contractors and small-scale timber 
growers. Questionnaires were sent to all potential respondents from the three target 
groups, and interviews were later conducted with selected respondents.  
The harvesting machines were quantified per function i.e. felling, extraction, 
processing and loading. The results showed that some machines were more common 
compared to other machines performing the same function. Mechanised felling 
machines sampled had more units in the fourth survey than the previous surveys had. 
Of the 10.6 million m3 volume surveyed in 2017, chainsaws had 1 048 units, and their 
number had decreased from the 5 000 sampled in the first technical survey in 1987 
that sampled about 12.8 million m3. Harvesters and feller bunchers also increased 
from zero in the first technical survey to 94 and 13, respectively in the fourth survey. 
The drivers towards the increased use of mechanised equipment were identified as 
safety and health, ergonomics, productivity, labour issues, operational costs, terrain, 
and company policies. Despite the introduction of mechanisation, however, the use of 
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manual labour was evident in hardwood processing and loading operations. Manual 
debarking was more common than mechanised debarking in the fourth technical 
survey. When comparing all four technical surveys, the cut to length (CTL) harvesting 
method was dominant in hardwood; harvesting 79% of the volume sampled in the 
2017 survey. The full tree method was barely applied in the first three technical surveys 
and in the 2007 survey, it was absent. It was only in the fourth technical survey that 
the method was applied, felling 27% and 9% of the sampled volumes in softwood and 
hardwood, respectively. 
The technical survey provides information to the different stakeholders in the forest 
industry. Such include harvesting managers and contractors, grower companies, 
machine distributors and researchers. The information will bring awareness to 
harvesting managers and contractors about the different machine options available to 
assist in decision making when selecting systems. Machine distributors will know the 
number of machines, where machines are operating and their target market.  A gap in 
knowledge will be bridged between the different provinces regarding the different types 
of harvesting machines out there.  
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CHAPTER 1: INTRODUCTION 
Various harvesting systems and methods are prevalent in the forest industry today. 
Selecting the appropriate harvesting systems and methods can be a challenge due to 
the wide range of environmental conditions under which forestry is practised 
(Ackerman & Längin, 2010). Harvesting and transporting operations contribute to 
about 70% of the total cost of the entire rotation of a matured timber stand, although 
these only take a shorter period to convert the matured trees to a certain market 
specification. This makes it critical to manage harvesting and transport operations 
properly to keep costs at an acceptable percentage of all forest operational costs 
(Hogg et.al, 2010). Understanding the implications of choosing a specific harvesting 
system and method will lead to better and improved decision-making in harvesting 
operations (Kellogg, 1999). 
Timber harvesting involves felling, extracting, processing, sorting, loading, the 
transporting of trees and other related activities. Such include planning felling 
direction, the layout of roads and identifying access roads for trucks (Ackerman et.al, 
2012). Transport operations consist of primary and secondary transport phases. 
Primary transport moves timber from stump to roadside, and secondary transport 
moves timber to the mills. Timber is transported mostly using road or rail using different 
truck configurations. The truck configurations are determined by the type of product 
transported (Krieg, 2012; Ackerman et.al, 2012).  
About 60 to 70 years ago, harvesting operations in South Africa mainly used manual 
labour. The reason behind the use of manual labour when commercial forestry was 
first practised in South Africa was due to a lack of technology and the low cost of labour 
(Brink, Personal communication, 2018). Saws and axes were used to fell trees, which 
were extracted using mules, oxen and manual labour, depending on timber size 
(Warkostch, 1987). 
Harvesting operations have progressed from being manually orientated to using 
machines, aiming to address different concerns regarding labour, health and safety 
issues, competitive advantage and productivity (Nieuwenhuis & Lyons, 2002; 
Silversides, 1997). The introduction of these machines did not eliminate the need to 
apply human influence in the form of muscular power to use the hand tools and operate 
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the machines used in harvesting operations (Gallis, 2013). On difficult terrain, the 
machines are often limited and cannot operate, hand-held tools are then used as an 
alternative. The machines decrease the dependence on manual labour, which has 
become expensive and scarce in recent years, unreliable and semi-skilled. The 
reduced manual labour allows for remaining labour to be properly educated and 
trained; thus, improving the aspects of safety and productivity (Nieuwenhuis & Lyons, 
2002). 
The use of advanced machines in harvesting operations is a global trend. Many 
developed countries practising forestry have partially mechanised their harvesting 
operations, if not fully mechanised them (Westerberg, 2014). South Africa as a 
developing country is an importer of technology and is slowly adapting to this trend of 
using technologically advanced machines (Brink, personal communication, 2018). 
These changes were anticipated to allow the South African forestry industry to 
compete globally and pursue world-class harvesting operations that implement good 
practices, sustainable systems and high-performance (Brink, 1999). 
The widespread use of machines in harvesting operations globally has led to studies 
that quantify the distribution and population of timber harvesting machines. According 
to Brink and Warkostch (1990), in South Africa, similar studies were conducted aiming 
to provide the industry with a comprehensive analysis of the then state of timber 
harvesting. The most recent study was carried out in 2007, indicating a slight increase 
in the level of mechanisation in timber harvesting operations (Längin & Ackerman, 
2007). The trend of using mechanised harvesting machines needs to be investigated 
and documented. By documenting the changes, the industry will be updated on the 
current state of harvesting machines, the preferred harvesting systems and methods, 
the level of mechanisation and other aspects of the harvesting operations. 
1.1 Scope of the study  
This research was carried out as a technical survey, with a specific focus on timber 
harvesting and transport operations in South Africa. This is the fourth in a series of 
similar studies that have been conducted in the past. Previous surveys were industry 
orientated, where silviculture, road construction, harvesting and transport operations 
were all surveyed. For the silviculture operations, site preparation equipment and fire 
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trucks were surveyed. Equipment used in plantations for road construction was also 
included in the survey. Felling, extraction, loading and processing machines were 
surveyed for harvesting operations. Furthermore, as part of the harvesting survey, 
different timber truck configurations used in transport operations were also quantified. 
The current survey excludes the silviculture operations and road construction 
operations to narrow the scope of the study to cover the topic.  
Harvesting machines and timber trucks were surveyed and recorded to establish an 
up-to-date database for stakeholders at various levels of management in the forest 
industry. These machines and trucks operate in hardwood (eucalypts and wattle) and 
softwood (pines) plantations in clear-felling and thinning operations. Harvesting 
machines and timber trucks owned by forestry grower companies, harvesting and 
transport contractors and small growers were surveyed. The survey sampled 
machines that are directly involved in production within the forest harvesting and 
transport operations. 
1.2 Rationale of the study  
The South African forest industry adopted Austria’s practice of conducting technical 
surveys (Brink & Warkostch, 1989). In Austria, these surveys were conducted every 
five years while in South Africa, these have been consistently conducted every ten 
years since 1989. Other countries that conducted a similar survey includes Sweden, 
the US and Canada. These surveys aimed to collect and analyse data on timber 
harvesting equipment, systems and methods. The data were analysed and then made 
available to the industry (Brink & Warkostch, 1989). 
Forestry is a dynamic industry; hence, the different technical surveys have 
documented the changes in the timber harvesting and transport equipment, systems 
and methods over the years. The first technical survey in South Africa was conducted 
in 1987, the second in 1998 and the most recent, in 2007.  The data acquired from the 
current survey will continue to build on data from previous technical surveys. The data 
from the different surveys can be compared to identify trends and patterns in 
harvesting systems and applications of various machines (Saunders & Jones, 2002). 
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The information will assist in providing a basis for informed decision making and act 
as a reference point for stakeholders, including harvesting equipment manufacturers, 
machine distributors, harvesting managers, contractors and forestry companies. 
Machine manufacturers and distributors will know their target market and have an idea 
of preferred and trending machines. This research serves as a basis for future 
technical surveys. It will allow researchers to track trends in harvesting equipment, 
systems and methods over the years. Furthermore, the survey can be used to predict 
the route that the industry will take regarding mechanisation going into the future. In 
addition, the survey will potentially bridge the knowledge gap between stakeholders 
from different provinces regarding machine options that are available and used. It will 
support decision making when selecting systems and methods and give information 
on the level of mechanisation the country has reached. 
1.3 The research problem  
The South African forest industry has undergone significant changes over the last 
decade, with modernisation and mechanisation of forest operations changing the face 
of the industry. There has been a change in timber harvesting and transport operations 
regarding machine numbers and distribution, systems and methods, timber truck 
numbers and configurations, volumes harvested and transported since the last 
technical survey was carried out in 2007. A knowledge gap exists concerning the 
current population of forest harvesting machines. A fourth technical survey, therefore, 
is necessary to provide the industry with current information.  
1.4 Research objectives 
The aims and objectives of this study are outlined below.   
1.4.1 Aims 
This study aims: 
• To determine the current number and types of harvesting machines and timber 
trucks in South Africa in 2017; and 
• To compare the current technical survey to previous technical surveys 
regarding harvesting methods, harvesting systems (number of manual labour, 
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harvesting machines and timber trucks) and the volume-percentage thinned 
and clear-felled. 
1.4.2 Objectives  
The objectives of this study are:  
• To quantify the total number of harvesting machines and timber trucks per 
province between contractors, grower companies and small-scale timber 
growers;  
• To investigate the overall drivers behind machine preferences and 
mechanisation; and 
• To identify trends in harvesting machines, harvesting methods and systems.  
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CHAPTER 2: LITERATURE REVIEW 
This literature review clarifies the current harvesting terminology and definitions, which 
is essential to conduct a successful harvesting technical survey. Harvesting operations 
globally are then discussed, followed by the contextualisation of South African 
harvesting operations.  Furthermore, global and South African change drivers in 
harvesting systems are discussed, with specific reference to reasons for the increase 
in mechanisation. An overview of the technical surveys that were carried out globally, 
followed by a discussion of the South African technical surveys, are given. In 
conclusion, the key findings made in each of the South African technical surveys are 
identified breaking down the number of different harvesting machines and harvesting 
methods reported.  
2.1 Harvesting terminology 
In harvesting operations, various systems and methods are used under diverse 
conditions to produce different products, such as pulpwood and saw timber. A 
harvesting system refers to the individual tools, equipment and machines that are used 
to fell, extract, process, load and transport timber. A harvesting method is defined as 
the form in which timber is extracted to the roadside (Pulkki, 1997; Ackerman & Längin, 
2010). 
In South Africa, three timber harvesting methods are used, namely full tree, tree length 
and cut-to-length (CTL) methods. The full tree method extracts the stem, along with 
its branches, top and bark to the roadside. No processing of the tree takes place in 
the compartment. The tree length method only extracts the debranched and topped 
stem (bole) to the roadside. Debranching and topping take place in the compartment 
after felling. When using the CTL method, logs are extracted to the roadside. After 
felling, the tree is debranched, crosscut, topped, occasionally debarked, and stacked 
in an appropriate way for extraction (McDonald & Clow, 1999; Ackerman & Längin, 
2010). 
Three different technologies are applied when harvesting timber, namely basic, 
intermediate and mechanised (Länginet.al, 2010). Basic technology involves using 
manual labour and/or animals. Manual labour uses axes and bow saws to fell, 
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debranch and crosscut the trees, while animals can extract the timber to the roadside. 
Intermediate technology uses motor-manual systems that require additional ground-
based labour to carry out their functions. Chainsaws can be used to fell, debranch and 
crosscut trees. Machines, such as cable skidders and winch tractors, extract timber to 
the roadside but require labour to choke and de-choke trees. Mechanised systems 
use technologically-advanced machines such as harvesters, feller bunchers, 
processors, grapple skidders and forwarders (Ackerman & Längin, 2010). 
2.2 Harvesting operations globally 
Manual labour used to be dominant in the world’s timber harvesting operations before 
the 1950s. It was then replaced by motor-manual tools such as chainsaws, which 
gradually led these operations to become more mechanised (Marijan et.al, 2015). The 
Scandinavian forest industries are trendsetters in the technological advancements 
taking place in harvesting operations. These regions of the world had large-scale 
mechanisation in felling and extraction operations (Drushka & Konttinen, 1997). Brazil 
is one of the leading countries in technological innovations; leading in producing, 
processing, consuming and forest-based products. In the 1970’s, Brazil experienced 
improvement in equipment after a number of paper and pulp factories were built. 
These improvements included lighter and efficient chainsaws, development of 
skidders, and hydraulic equipment for logs loading in trucks. Productivity was 
positively affected by these developments (Nepcon, 2017) (Roberto et.al, 2007; FAO, 
2015).   
The following are some examples of countries that were directly involved in the 
initiation and development of increased technology in harvesting machines. 
2.2.1  Harvesting operations in Canada 
Canada, covered by 348 million ha of forest land is among the world’s leaders in the 
production of timber, pulp and paper (TFT, 2016). It has a diverse forest landscape 
that justifies a varied combination of harvesting systems and methods to be used 
during timber harvesting operations (Pulkki, 2008). According to Silversides (1997), 
Canada had over 8 000 harvesting machines recorded during the 1950s. The country 
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developed a feller buncher and a processor in 1957 and 1965, respectively (Marijan 
et al, 2015). 
According to Lahtine (2011) and Asikainen et.al, (2009), the CTL method was 
dominant in Canada followed by the tree length method. Felling operations were 
carried out using the multi-functional harvesters that fell, debranch and crosscut the 
tree. Chainsaws were used predominantly when high-value large diameter timber was 
harvested. Wheeled skidders and tractors were used for tree extraction while farming 
tractors were used by small-scale timber growers for extraction (Wellburn & Kuhlberg, 
2015). 
2.2.2  Harvesting operations in the United States of America 
The forests in the United States of America (US) are diverse in composition and widely 
distributed. About 302 million ha’s were forest land area in the US and of the total 
forest land area, 22 million ha was planted for timber purposes (Stanturf & Zhanga, 
2013). Initially, trends in harvesting operations were no different from other countries. 
The US developed the first chainsaw light enough to be handled by two operators from 
1916 to 1917. Following this was the development of a skidder with an articulated 
steering (Silversides, 1997; Marijan et.al, 2015).  
All three timber harvesting methods were used in the 1900s. The most common 
harvesting method, however, was the full tree method, harvesting 80% of the total 
volume. Only 15% was harvested using the tree length and 5% using the CTL method.  
The CTL equipment did not have a market since there was a long history of using the 
full tree method (Leinonen, 2004) and historical traditions were not easy to change. 
Yet, this is gradually changing due to the benefits provided by the mechanised CTL 
method (Pulkki, 2008).  
2.2.3  Harvesting operations in Sweden 
Sweden has 40.8 million ha of land in total, and 57% of the area is covered with forests. 
It produces 10% of the world’s sawn timber, pulp and paper (Royal Swedish Academy 
of Agriculture and Forestry, 2015). Regarding harvesting technology, Sweden is a 
leader in wood processing developments. According to Marijan et al. (2015), Sweden 
developed the first forwarder in 1961, and the first single grip harvester in 1980.  
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Harvesting operations in Sweden have been mechanised since the 1960s; however, 
horses extracted 80% of the volume harvested. It was only in the 1970s when 
extraction operations became mechanised (Andersson, 2004). Chainsaws were still 
prevalent in private plantations and with occasional tree cutters (Axlesson, 1998).  
The CTL harvesting method consisting of a single grip harvester and a forwarder is 
dominant in Sweden (Ringdahl, 2011). This method includes the latest technology and 
machines that are environmentally friendly (Lahtinen, 2011). The harvesting machines 
in this method are expensive but have a high production rate. The CTL method, 
however, provides operational benefits such as less damage to soil, less damage to 
standing trees during thinning operations and less landing space is required since the 
processing takes place in the compartment (Ringdahl, 2011; Pulkki, 2008).    
2.3 Harvesting operations in South Africa 
This section discusses harvesting operations in South Africa regarding the outsourcing 
of operations. The focus is on developments in harvesting operations and prevalent 
harvesting systems and methods.  
The harvesting of mature softwood occurs between the ages of 15 to 20 years for 
pulpwood and 25 to 30 years for saw timber. With hardwood, maturity is reached 
between the ages of 7 to 12 years for pulpwood and 20 to 25 years for saw timber 
(Genesis report, 2005). Both softwood and hardwood are grown on a wide range of 
terrain, and various systems are used for the harvesting and transport of timber. 
According to Brink and Warkotsch (1990), 80% of forest operations in South Africa 
were carried out by the grower company’s labour in the 1980s, while about 14% of 
harvesting operations was sub-contracted. There, however, has been a significant 
shift since the 1990s. Most forest operations are now outsourced, and these include 
both harvesting and transport operations. Contractors are now regarded as the major 
employers of people involved in operations (Godsmark, 2014). The outsourcing of 
operations by grower companies started in the early 1990s to increase flexibility, save 
on the cost of capital equipment and fixed costs associated with full-time employees. 
Furthermore, this was done to avoid adhering to the labour legislation brought in by 
the earlier government (Clarke & Isaacs, 2005). 
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Harvesting operations are mostly characterised by developments of new and more 
technologically advanced machines. South Africa is an importer of harvesting 
machines and technology even though there have been some locally developed tools 
and equipment such as the all-terrain loader known as the lizard (SA Forestry, 2017), 
the Matriarch Skogger, which is a combination of a skidder and a three-wheel loader 
and the Matriarch Fastfell, which is a feller director machine (SA Forestry, 2016).  
The prevalent harvesting methods in South Africa are CTL and tree length; with the 
full tree method having limited application (Ackerman & Längin, 2010). A high 
percentage of the saw timber in softwood and hardwood is harvested using CTL and 
tree length methods, with little application of the full tree method. Softwood and 
hardwood pulpwood are mostly harvested using the CTL method, while the tree length 
and full tree method are used in saw timber (Ackerman & Längin, 2010). 
The next two sub-sections will detail the factors that prompted mechanisation. The first 
subsection focuses on the drivers of mechanisation on a global scale. The second 
sub-section is centred on the main factors that influenced mechanisation in South 
Africa. 
2.4 The drivers of mechanisation globally 
Harvesting operations vary around the world, these operations are mechanised to 
some degree. The general drivers behind mechanisation were identified as labour, 
technology, environment and production costs. Where labour is concerned, 
mechanisation improves the working environment, health and safety. Furthermore, it 
addresses the limitations and scarcity of labour. The development in technology itself 
allows for feasible application in forest operations. (Lindroos et.al 2017) (Häggström 
& Lindroos 2016).  
However, Different countries opt for mechanisation for various reasons. The drivers 
promoting using machines for harvesting in New Zealand and Canada were identified 
as low productivity rates of existing systems, the ability of mechanised machines to 
harvest multiple products simultaneously, a shortage of skilled and willing labour to 
carry out forestry operations, and the increasing quantity of trees on steep slopes that 
could not be manually accessed, mainly due to high safety risks. In North America, 
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mechanised machines were employed because of the pressure placed on contractors 
to achieve daily production targets. According to Alam et.al (2012) increased 
productivity, machine efficiency, safety and reduced operational costs were the drivers 
of mechanisation in Australia.  
Other factors that were identified as drivers for mechanisation of forest operations 
globally include reduced labour availability, productivity and difficult terrain (Bayne & 
Parker, 2012). Over the years, there has been an increase in timber demands due to 
population growth. This presented a high demand for energy and the material sourced 
from renewable resources, which led to a need for technological development and 
mechanisation in forestry from manual to mechanised operations (Westerberg, 2014). 
The global challenges such as labour scarcity, demand for timber, productivity and 
difficult terrain, prompted for the introduction of technologically advanced machines 
(Milne at.al, 2013). The use of these machines surfaced when several mechanical 
innovations and breakthroughs were made. Chainsaws and wheeled skidders were 
some of the earlier innovations that became widely used (Brink, 2001). These 
innovations paved the way for the development of new machines and the 
enhancement of existing harvesting machines (Westerberg, 2014). The developments 
in machines were then focused on increasing productivity, decreasing operational 
costs and improving the processing of trees into logs (Ringdahl, 2011).  
There are some common challenges globally such as operational efficiency and cost-
effectiveness that have influenced developed countries to mechanise. In the South 
African context, forest operations are facing challenges related to people and the 
environment; these cannot be compromised by machines (SA Forestry, 2015). The 
next section will be discussing the various drivers of mechanisation in South Africa. 
2.5 Drivers of mechanisation in South Africa 
Mechanisation in the South African context of forest operations is a concept that is 
relevant and current, as the process is still at a developing stage. Because South 
Africa is a developing country with high population growth and is categorically a low-
income country (Statistic South Africa 2014; Kariuki & Leigh 2015), the majority of the 
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mechanised technology that is used in the country is imported (Brink & McEwan, 
personal communication, 2018). 
The use of mechanised technology in South Africa has been gaining momentum over 
the years. There, however, was a cautious attitude by grower companies and 
contractors towards mechanisation, which delayed the adoption of these new 
machines and systems. The lack of machine spare parts when the mechanisation 
drive was first launched contributed to that hesitant approach. In addition, the high 
capital costs of these machines, coupled with insufficient mechanical backup and the 
uncertainty of application of the machines in local conditions, led to implementation 
delays (WSATT, 2013).  
The mechanisation trend accelerated in 2013 when an increase in the minimum wage 
of forestry workers was introduced. Other drivers included improved safety and 
ergonomics, productivity, labour scarcity and increased operational costs (Kellogg, 
1999; SA Forestry, 2016). These are discussed in this section. 
• Safety and ergonomics 
Manual labour in harvesting operations is mostly subjected to fatigue, which increases 
the risk of injuries. Activities such as manual log extraction and stacking are physically 
straining and can cause workers to compromise safety measures. Using machines, 
however, reduces the risk of injuries by reducing the number of people working on the 
ground (McEwan & Steenkamp, 2014). The modern machine’s cab provides a safer 
and more comfortable working environment and reduces the risk of accidents 
(Phairah, 2014) 
• Productivity and operation costs 
Manual labour is associated with reduced productivity due to absenteeism, health 
issues and physical limitations. All these factors can have a negative impact on 
production (Steenkamp, 2007). Advanced machines, depending on operator 
competency, can lower operational costs and increase productivity (McEwan, 2017).   
•  Labour scarcity and turnover 
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Forestry is practised in rural and isolated sites that are characterised by emigration to 
urban areas and an ageing workforce. Furthermore, operations are carried out in an 
environment where working conditions are harsh and cannot be adjusted (Da Costa, 
2013). The poor and strenuous working conditions result in occupational diseases, a 
limited willing workforce and an increasing labour turnover (Steyn, 2010). 
In general, the drivers of mechanisation globally and locally are similar, centred on 
capital, human and natural resources. The aspect of safety and health, labour issues 
and population growth dominate the human element of the drivers while terrain, 
renewable energy and productivity were the important aspects of capital and natural 
resources driving mechanisation in South Africa and abroad. 
2.6 Global harvesting technical surveys 
This section comprises of a literature review focused on harvesting machine technical 
surveys carried out around the globe. These surveys provide information on the 
machine population’s status of some of the most important forestry countries around 
the world.  
In the context of forestry, the term “technical survey” refers to the systematic analysis 
of all forest operations using questionnaires and interviews (Brink & Warkotsch, 1989). 
The technical survey provides the forestry industry with information on the current 
developments and trends of forest operations.  
Global trends in harvesting operations influence and shape harvesting operation 
trends locally. Trends in harvesting operations reflect increased mechanisation; in 
some instances, this is not true for small-scale growers practising forestry in steep 
areas. The survey carried out in Virginia showed that the mechanisation trend is more 
common in larger logging (harvesting) businesses than in the small ones. Motor 
manual operations in the latter businesses are dominating (Barrett et.al, 2012). Russel 
and Mortimer (2005), however, points out that a small-scale grower in the 
Scandinavian countries uses the same technology used by contractors. 
The survey carried out by Spinelli, Magagnotti and Picchi in 2010, indicated that most 
of the small-scale companies in Italy use outdated harvesting technology such as 
winches, modified farm tractors and forestry trailers. Capital limitations and a smaller 
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size of planted area result in small-scale companies not mechanising in Northern Italy 
(Spinelli et.al, 2013). Furthermore, ownership of forestry estates was patchy, which 
made it difficult to justify extensive capital expenditure on mechanised equipment as 
volumes were scattered. The low value of products derived from the forest also 
contributed to low mechanisation rates (Spinelli et.al, 2010). The large-scale 
companies in Italy had mechanised CTL equipment, which comprises harvesters and 
processors. The population of these two types of machines had noticeably increased 
over the years (Spinelli et.al, 2013).  
A survey carried out in United Kingdom (UK) in the years 1999 and 2001 was 
conducted in different regions. The data were collected from private sectors and forest 
enterprises. According to the survey, most of the harvesting machines were owned by 
the private sector. The survey showed the population of harvesters, processors, 
forwarders, cableways and skidders and how it has changed over the years within the 
regions surveyed. In both 1999 and 2001, forwarders were recorded as the most 
common extraction equipment, followed by the cable skidder. In felling and processing 
equipment, the harvesters and processors were the most used equipment for felling 
and processing although more harvesters were recorded than processors were 
(Saunders & Jones, 2002). 
In the US in Michigan, a survey was conducted to assess the technology in harvesting 
and transport operations. This was done by examining the capacity of existing forest-
based production and its potential to supply the start-up of large-scale forest-based 
industries. To investigate this, the equipment used in harvesting and transport 
operations had to be surveyed among other parameters. The data for this survey were 
collected from harvesting contractors, using a questionnaire. In felling operations, 
chainsaws were dominant among the surveyed equipment. Feller bunchers were 
recorded as the second-best felling equipment. Forwarders and grapple skidders were 
common in extraction operations. The results showed a growing trend in using 
mechanised equipment across the state (Abbas et.al, 2014). 
The mechanised CTL harvesting method is dominant in Sweden. Other countries 
leading in this trend are Finland and Canada, where there are large numbers of these 
mechanised machines (Brink, 2001). In some regions in Italy, where motor manual 
systems are dominant due to cheap and available labour, the goal is to mechanise 
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harvesting operations since labour shortages are anticipated in the future (Spinelli 
et.al, 2002). 
2.7 South African harvesting technical surveys 
South Africa’s first harvesting technical survey took place in 1987. The type of 
information that the survey collected was based on similar surveys in Austria, Sweden, 
Canada and the US (Brink & Warkotsch, 1989). The South African harvesting technical 
surveys have covered aspects such as labour, machines and systems used (Brink & 
Warkotsch, 1989). The second survey took place in 1997 and the third, and the most 
recent one was carried out in 2006 (Längin & Ackerman, 2007). 
2.7.1 The first South African harvesting technical survey  
The first technical survey investigated forestry grower companies and harvesting and 
transport contractors. The survey covered forest and labour statistics, machines used 
in harvesting operations, transport operations, road construction, and fire trucks used 
in silviculture operations.  South Africa only had four provinces when the first survey 
was conducted. Only three out of the four were surveyed, these were the Cape 
Province (now Eastern, Western and Northern Cape), Natal (now KwaZulu-Natal) and 
Transvaal (now Mpumalanga, Gauteng, North West and Limpopo).  
According to Brink and Warkotsch (1989), the response rate to the questionnaire was 
remarkably high. More than 80% of the industry was covered regarding area and 
volume. The total area sampled was 1 038 322 ha out of 1 159 780 ha. The total 
annual volume was 14 518 899 m3 and 12 892 588 m3 was covered in the survey.  
The range of harvesting machines was narrow when the first technical survey was 
conducted. The results showed that there were 5 000 chainsaws recorded, appearing 
to be the most common machine in felling and processing operations. The agricultural 
tractors and skidders recorded 1 139 and 151 units, respectively, and were the 
dominant machines used in extraction operations. Other extraction machines recorded 
were the 326 units of three-wheeled loaders and 48 cable yarders, which included the 
high-lead and skyline. The most common harvesting method in hardwood was the CTL 
method and in softwood the tree-length method. The full-tree method was limited in 
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harvesting operations, harvesting only 1% of the total timber (Brink & Warkotsch, 
1989).   
The use of technologically-advanced machines was not yet evident when the survey 
was first conducted. Only debranching operations were recorded to be using advanced 
machines (processors). Instead of using chainsaws, processors were used to avoiding 
disadvantages presented by chainsaws, which included high cutting costs, high labour 
intensity, high accident rates and poor ergonomic effects. These processors, however, 
debranched a small percentage of the total volume, and they were not used in Natal 
and the Cape Province (Brink & Warkotsch 1989).  
2.7.2 The second South African harvesting technical survey 
The second survey was carried out in 1997 and was modelled on the first survey 
(Brink, 1998). It was aimed at grower companies and contractors (harvesting and 
transport). The new Republic of South Africa provinces were now in existence, even 
though some of them later went through name changes. These were Mpumalanga, 
Northern Province (now Limpopo), KwaZulu-Natal and the Cape (the Eastern Cape 
and Western Cape provinces).  
The annual volume harvested for the year 1997 was 18 078 224 m3 and 12 892 588 
m3 was surveyed. The total area sampled was 1 038 322 ha out of 1 518 138 ha. This 
proved to be a successful survey; hence, the results were regarded as valid and 
representative (Brink, 2001).  
The eleven-year gap between the first and the second technical survey did not have 
much of an impact on the numbers of the harvesting machines and on harvesting 
technology. The CTL method was the most common, felling 38% of hardwood. In 
softwood, the CTL and tree length method were evenly used (Brink, 2001).  
The use of agricultural tractors in extraction operations decreased from 1 116 to 577 
due to the modification of agricultural tractors that were used as forwarders (34 
forwarders). The number of cable skidders recorded remained the same as in the first 
technical survey (151 skidders). There were 18 grapple skidders and 538 three-
wheeled loaders recorded. In felling, debranching and crosscutting operations, 
chainsaws dominated. Compared to the first survey, however, there was a decrease 
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in their number, from 5 000 to 4 000.  Mechanical debranching and debarking using 
the processor head was not yet common. Only 1% of the total timber was debranched 
and debarked mechanically using processor heads, and manual debranching using 
axes and hatches was used in hardwood (Brink, 2001).  
2.7.3 The third South African technical survey 
The last survey was conducted in three provinces; KwaZulu-Natal, Mpumalanga and 
Western Cape. KwaZulu-Natal was divided into regions, namely the Midlands and 
Zululand. Mpumalanga was divided into the Highveld and Lowveld. They survey only 
investigated harvesting and transport contractors and the total volume sampled was 7 
568 080 m3 (Längin & Ackerman, 2007). 
The ten-year gap between the second and the third survey had a significant impact on 
both machine numbers and harvesting technology. The numbers of the different 
harvesting machines recorded were lower compared to previous surveys. A trend of 
mechanisation, however, was noted in debranching and debarking operations using 
processor heads in hardwood. Furthermore, mechanised CTL and full tree methods 
were introduced, felling 6.4% of the total volume. The conventional CTL method was 
still dominant, harvesting 64% of the total timber in softwood (Längin & Ackerman, 
2007). 
Based on the survey conducted, the following machines were identified as the most 
widespread in harvesting operations in the provinces surveyed. There were 1 298 
chainsaws recorded with their primary operations being felling and crosscutting. The 
three-wheel loaders recorded at 257 units were the most used in extraction, roadside 
and depot loading operations. In forwarding operations, agricultural tractors were 
common, recorded at 217 units (Längin & Ackerman, 2007). 
Other harvesting machines recorded included two (2) feller bunchers and 10 
excavator-based harvesters for felling. Extraction operations were carried out using 
37 skylines, 15 high leads and three (3) alpine yarders. There were 20 grapple 
skidders, 40 cable skidders for extraction purposes and two (2) standard forwarders 
recorded for forwarding operations (Längin & Ackerman, 2007). 
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2.8 Key findings from the South African technical surveys 
Table 2.1 shows the summary numbers of different types of machines surveyed in all 
three surveys. The percentage of the total volume sampled is indicated in brackets for 
each survey. The results were consolidated for ease of the comparing and identifying 
trends. It, however, is important for the reader to note that the volumes sampled were 
not the same for all the technical surveys and as such, it would not be objective to do 
direct comparisons between the surveys without considering the volumes sampled. 
Certain machines were not recorded, and no explanation was given for these changes 
or the omission of these machines. 
Table 2.1: Key findings from the South African technical surveys  
Machines First technical 
survey (88.8% of 
14 518 899 m3) 
Second 
technical survey 
(88.8% of 14 518 
899 m3) 
Third technical 
survey (49.2% of 
15 404 360 m3) 
Chainsaws 5 000 4 000 1 298 
Feller buncher Not recorded Not recorded 2 
Excavator-based harvester Not recorded 3 10 
Cable skidder 151 151 40 
Grapple skidder  0 18 20 
Agriculture tractors 1 116 577 217 
Skyline 48 56 37 
High lead 0 27 15 
Alpine yarder 0 0 3 
Debranching machine 2 2 12 
Forwarders 59 34 2 
Three-wheel loader 326 538 257 
Excavator loader 0 0 9 
(Adapted from Brink & Warkotsch, 1987; Brink, 1998; Längin & Ackerman, 2007) 
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In all three technical surveys, chainsaws were the most common for felling and 
processing operations, measured by the total number of machines. In extraction 
operations, agricultural tractors were most common. Other extraction machines 
recorded were grapple skidders, cable skidders and cable yarders. The three-wheeled 
loaders were used for extraction, stacking, sorting and loading on roadside and depot 
work. Agricultural tractors with trailers were used for forwarding purposes. Purpose-
built forwarders were only recorded in the last survey.  
In the first technical survey, debranching and debarking activities were carried out 
using hatchets and axes. Chainsaws, however, were also recorded to be used for 
debranching and crosscutting operations.  Processors were mentioned to be used for 
the same activity to overcome the disadvantages presented by chainsaws, which 
included high cutting costs, labour intensity, high accident rates and negative 
ergonomic effects. The processors, however, debranched less than 1% of the total 
volume (Brink & Warkotsch, 1989). 
The last technical survey saw the introduction of mechanised harvesting using feller 
bunchers, harvesters and grapple skidders. The numbers of these machines were 
significantly low. This was noted as a shift towards mechanisation in the industry.  
Table 2.2 shows the most common harvesting method and harvesting systems in all 
three South African technical surveys. A change in the machines used in each method 
was seen in the last technical survey. The mechanised CTL method was introduced, 
using harvesters, feller bunchers and grapple skidders. 
 
Table 2.2: Most common harvesting method and systems  
FIRST TECHNICAL SURVEY 
Species Harvesting method Harvesting system  
Eucalyptus 
Acacia 
Cut-to-length method Chainsaw and agriculture tractor with 
trailer - chainsaw and skidder/yarder 
Pinus Tree-length method Chainsaw and agriculture tractor with 
trailer - chainsaw and skidder/yarder 
SECOND TECHNICAL SURVEY 
20 
 
Species  Harvesting method Harvesting system  
Eucalyptus 
Acacia 
Cut-to-length method Chainsaw and agriculture tractor with 
trailer - chainsaw and skidder/yarder 
Pinus Tree-length method Chainsaw and agriculture tractor with 
trailer - chainsaw and skidder/yarder 
THIRD TECHNICAL SURVEY 
Species  Harvesting method  Harvesting system  
Eucalyptus 
Acacia 
Cut-to-length/mechanised cut-to-
length method 
Chainsaw and agriculture tractor with 
trailer or skidder - excavator-based 
harvester, grapple skidder and forwarder 
Pinus Tree -length method Chainsaw and agriculture tractor or 
skidder - feller buncher and grapple 
skidder 
(Adapted from Brink & Warkotsch, 1987; Brink, 1998; Längin & Ackerman, 2007) 
The most common harvesting method used in hardwood was the CTL method. The 
tree-length method was common in softwood. The full tree method was mostly absent 
in the first two surveys, and only in the last survey was the method substantially used.  
2.9 Literature review summary 
The literature review has discussed harvesting operations, drivers of mechanisation 
and technical surveys both globally and in South Africa. There was a change from 
manual to mechanised harvesting operations driven by several factors locally and 
globally. Population and the demand for renewable resources, safety and health, 
labour related issues, productivity and terrain were among the key drivers of 
mechanisation. With mechanisation gaining momentum locally and in many parts of 
the world, a need to document the changes over the years became necessary. 
The technical surveys were used globally and in South Africa to document the 
harvesting methods and systems and to quantify the numbers of various harvesting 
machines at a time. In total, three technical surveys of the same nature had taken 
place in South Africa between 1987 and 2007. The next chapter discusses the 
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research methodology by giving a detailed report on how data were collected for the 
fourth technical survey. 
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CHAPTER 3: RESEARCH AND DATA ANALYSIS METHODOLOGY  
The research methodology and design refer to the choice of the methods used to 
obtain data and the procedure of applying these methods in data collection and data 
analysis (Cassim, 2015). This section will describe the study area, research methods, 
sampling methods and data analysis procedures. Furthermore, the pilot study that was 
used to test if data collection methods were clear and understandable will be 
discussed. 
3.1 Study site 
The research took place in the different provinces where commercial forestry is 
practised in South Africa. Provinces with large afforested areas were expected to have 
higher harvesting machine populations compared to provinces with small forestry 
areas and, therefore, it was important to adequately survey relevant provinces. The 
statistics presented per province in the next subsections are relevant for the year 2016. 
3.1.1 Mpumalanga 
Mpumalanga has 495 247 ha used for commercial forestry practices, this represents 
40.5% of the total afforested land in South Africa (DAFF, 2017). There were 2 297 
million m3 of hardwood and 2 964 million m3 of softwood produced from the province 
(Godsmark, 2017).    
3.1.2 KwaZulu-Natal 
KwaZulu-Natal is the second largest afforested province covering 486 956 ha, which 
is 39.9% of the total afforested land in South Africa. Godsmark (2017) specifies that 
there were 6 887 million m3 of hardwood and 1 523 million m3 of softwood produced 
from the province. 
3.1.3 Eastern Cape     
The DAFF (2017) reported that there were 141 747 ha afforested land in the Eastern 
Cape, which is 11.6% of the total land planted with both hardwood and softwood. 
According to Godsmark (2017), there were 188 000 m3 of hardwood and 1 318 million 
m3 of softwood produced from the province.  
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3.1.4 Western Cape 
The total afforested area in the Western Cape was 49 292 ha, which is 3.6% of the 
total afforested land in South Africa. In total, 3 003 m3 of hardwood and 524 000 m3 of 
softwood was produced from the province (Godsmark, 2017).  
3.1.5 Limpopo 
Limpopo has 48 353 ha, which was 4.3% of the total land area used for forestry 
purposes. For hardwood, there were 430 000 m3 and 299 000 m3 of softwood 
produced (Godsmark, 2017). 
3.2 Sample Size 
For a 95% level of confidence, a sample size (corrected for a finite population) of 86 
respondents was required. For a 90% level of confidence, a sample size (corrected 
for a finite population) of 71 respondents were required. The total number of potential 
respondents from all the target groups was 174 and in total, 77 questionnaires were 
returned (see Table 3.1). 
Table 3.1: Sample size determination 
Sample size calculation 
Error specification as a percentage of population standard deviation   
population size 174 
percentage error (error/sigma) 0.15   
  
sample size without fpc factor 95%confidence 170 
sample size with fpc factor 95%confidence 86   
sample size without fpc factor 90%confidence 120 
sample size with fpc factor 90%confidence 71 
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3.3 Sampling methods 
This section describes how participants were sampled using the snowball sampling 
and purposive sampling technique. Non-probability methods were used for sampling 
since the population was large and the willingness of potential participants to 
participate in the survey was unknown (Ilker et.al, 2015). The following sampling 
methods were selected.  
3.3.1 Snowball sampling 
The snowball sampling method was used to sample small-scale timber growers. The 
method involves individuals who know one another, making a sequence of 
recommendations within their circle (Ilker et.al, 2016). This method was selected since 
small-scale timber growers are often contacted by their representatives.  
There is a large population of small-scale timber growers. It was a challenge to obtain 
their contact details since they belong to different grower schemes. The grower 
schemes were bound by the Protection of Private Information Act (POPI) to not 
disclose names and contact details. Representatives of the small growers were 
contacted telephonically to set up meetings and data was obtained thereof. 
The grower companies had to indicate whether their harvesting operations were in-
house or outsourced. For grower companies with outsourced operations, a request for 
the details of the contractor in charge of the harvesting operations was made. The 
details provided were then looked up in the list provided by the SAFCA to avoid double 
counting 
3.3.2 Total population sampling 
The total population sampling method is used when the whole population is sampled 
and when the population size is small (Ilker et.al, 2015). All the large corporate forestry 
companies were contacted to participate in the survey. This was possible because 
they are limited in number, more organised and easier to contact. Achieving a 100% 
response from the big companies was believed to increase the rate and quality of 
responses because they practice diverse harvesting systems and methods, and they 
produce most of the timber volume annually. Some companies, however, had all their 
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harvesting operations outsourced and the questionnaires were then emailed to the 
harvesting contractors; hence, they could not be part of the survey.  
3.3.3 Convenient sampling 
Convenient sampling method applies when participants are sampled due to their 
accessibility and willingness to participate in a survey (IIker et.al, 2015). It was 
anticipated that all the harvesting contractors on the SAFCA list would be sampled. 
Some of the contractors, however, indicated that they were no longer in harvesting, 
some were not reachable on their cell phones and emails, and a few of them were not 
interested in participating. Hence, this method was applicable since the remaining 
participants ended up being sampled based on their availability.   
The shortcoming of this technique is the biasness and unrepresentativeness of the 
population at stake (Ilker et.al, 2015). Efforts were made to counter this by identifying 
and including other contractors who were not on the SAFCA list. Companies with 
outsourced operations were requested to provide lists of their harvesting contractors. 
The list was compared to the SAFCA list, and it was noted that some of the contractors 
were not on the SAFCA list.  
3.3.4 Purposive sampling 
The purposive sampling method is used when sample members are selected from a 
population based on the researcher’s judgment (Dolores & Tongco, 2007). 
Participants selected for interviews were harvesting experts in grower companies, 
large contractors, equipment manufacturers and small growers. The experts had to be 
decision-makers and experienced when it comes to selecting harvesting systems and 
methods. Communicating with small growers via email was a challenge. Conducting 
face-to-face interviews was deemed the most suitable method for obtaining data from 
small growers. Before setting up the interviews, telephonic contact was made.  
This method of sampling was selected, as the experts in harvesting operations are 
recognised and can be handpicked. This saved time and money to go to all the grower 
companies, harvesting contractors and small growers. The disadvantage of using this 
method is that the information collected could not be inferred to the rest of the 
population (Ilker et.al, 2015). 
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3.4 Data collection methods 
Mixed methods were used to collect the research data. A combination of 
questionnaires and interviews were used. A mixed methodology approach uses both 
numeric and textual data (Williams, 2007). Using questionnaires as a research method 
is defined as a manuscript with questions, which aims at requesting data that is 
analysable on a specific theme or topic (Acharya, 2010). Semi-structured interviews 
using open-ended questions were also used. This data collection method is defined 
as sessions involving asking and answering questions directed by the interviewer to 
the participant. A more detailed insight into attitudes, thoughts and actions of the 
participants can be obtained when conducting an interview, while questionnaires offer 
evidence that indicates a trend or pattern within large populations (Kendall, 2008).  
• Questionnaire 
The previous three South African technical surveys used questionnaires as a data 
collection method. This research also followed the same method so that trends of the 
previous three surveys could be examined and compared to the current data. Owing 
to the high number of participants involved in research such as this and how they are 
widely dispersed geographically, it was practical to use questionnaires to collect the 
data (Brink & Warkostch, 1989). The aim of the questionnaires was to collect numeric 
data on volume harvested, transported volume thinned and clear-felled, the different 
machines and the timber trucks used in harvesting and transport operations. 
Three questionnaires with slight differences were compiled to accommodate the 
differences between the different target groups. The target groups were grower 
companies, harvesting and transport contractors and small-scale timber growers. 
Refer to Annexure 1, 2 and 3 for the different questionnaires used for the three target 
groups.  
• Interviews 
Interviews were conducted with various people within the target groups. The interviews 
aimed to understand the perspectives and perceptions of the target groups on using 
certain methods and systems, specific drivers influencing harvesting mechanisation, 
what systems they expected to become more prominent in future and the insourcing 
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and outsourcing of operations. The results, therefore, were expected to be subjective 
since the findings were the opinions of respondents (see Annexure 6 for detailed 
interview findings). 
3.5 The 2017 questionnaire build-up 
The 1987, 1998 and 2007 questionnaires were adapted and used to compile the 
current questionnaire. The 1998 questionnaire is a duplicate of the questionnaire used 
in the 1987 survey. The second survey is a replication of the first survey; hence, both 
were used to establish a common ground for all three surveys and to ensure 
consistency in the harvesting equipment surveyed and recorded; and to provide similar 
surveys to be repeated in future. 
The questions were designed in a way that ensures comparability to the previously 
distributed technical surveys and repeatability for future studies. To keep the 
questionnaire simple and to minimise the time taken to complete the survey, the 
questions required numerical answers and a section was provided for open-ended 
discussions and comments. The questionnaire covered activities carried out in 
harvesting operations; from felling to transport. The questionnaire was structured in 
the following manner:  
• Introduction: there were instructions to heed before answering the 
questionnaire 
• Background information: the respondents’ information, which included name 
and position, had to be completed in this section 
• Harvesting and transport operations: the respondents were asked questions 
about labour numbers and volumes harvested (thinning and clear-fell) 
• Harvesting systems and methods: the respondents were asked questions 
relating to different harvesting systems and methods used, the number of 
harvesting machines per function, and timber trucks and volume transported. 
Questions were in a table format and at the end of each table, comment sections were 
included to allow respondents to further elaborate on equipment used and the 
allocation for their harvesting operations. Moreover, the comments section was aimed 
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at gathering additional information that the respondent would not have provided 
through answering the questionnaire only. 
3.6 Pilot study 
Before sending out the questionnaires and conducting interviews, a pilot study was 
conducted. A pilot study is a small version of the actual study to test whether 
instructions are clear, to determine whether results are valid and reliable, and to 
evaluate whether the statistical and analytical tests are effective. The pilot study, 
however, does not ensure success, but it increases the likelihood of the study being 
successful (Polit et.al, 2002). 
This study was conducted during September 2016, although it was not officially a pilot 
study. To improve the robustness of the questionnaire, two industry experts reviewed 
the questionnaire. They looked at the ease of answering and understanding the 
questions. 
The identified pilot study respondents were contacted to ask for their participation in 
the study. Once they agreed, the questionnaire was then emailed to them. The 
feedback from the pilot study results indicated the instructions on some of the sections 
of the questionnaire were not clear. To rectify this, examples of how questions should 
be answered were given for each section. 
3.7 Collection of data by questionnaires 
The questionnaire was structured and standardised to ensure that each respondent 
had an equal opportunity to answer the same questions and to ensure consistency in 
how responses are analysed (Siniscalco & Auriat, 2005). Care was taken with the 
design of the questionnaire to ensure appropriate standardisation and structure 
(Cassim, 2015).  
Most of the respondents from the target groups had the questionnaires sent via email. 
Emails were used since they were common due to the high statistic of rapid 
development and growth in computer and communication technologies (Phellas et.al, 
2011). The other alternative was to post the questionnaires, but it was not viable, as 
the distribution time and receiving time of the questionnaire would be slow. 
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Furthermore, post office delays could lead to the late deliveries of questionnaires, or 
reliability challenges posed by post offices could lead to respondents not receiving 
their questionnaire at all. Both these issues were expected to influence response rates 
and thus, the reliability of the data sample finally received from respondents. Emails 
were thus the most viable communication medium, since the cost of sending out 
questionnaires is low, and it is easy to send reminders and follow-ups. Furthermore, 
the distribution and receiving time via email is quick and the delivery of the 
questionnaire is certain. 
When contacting the first target group, which was the grower companies, an email 
was sent out to senior management (general managers, plantation managers and 
harvesting managers) requesting a contact person within the company who would 
facilitate the data collection process. Each grower company identified their contact 
person. This approach was used because it informed the management about the 
research, obtained their consent in conducting the research and allowed the data to 
be collected efficiently by contacting the relevant person within the organisation. Once 
the link with the contact person for each grower company was established, the 
questionnaire was e-mailed. 
The approach was different when contacting the second target group, which 
comprised of harvesting and transporting contractors. There were an estimated of over 
200 contractors in South Africa involved in harvesting and transport operations by 
2017. In total, 161 harvesting and transport contractors were listed by SAFCA (South 
African Forestry Contractors Association) members. A list with contact details of all the 
contractors with SAFCA membership was obtained and used to reach the survey 
participants telephonically. 
The protocol for each contact reached was that the researcher would introduce herself, 
state the name of the institution enrolled with, specify where and how the contact 
details for each respondent were obtained, and explain the reason for the contact and 
the significance of the survey (Annexure 4). The contractor representative would then 
be asked about their willingness to participate in the research. If the contractor agreed 
to take part in the survey, they were then asked to confirm their email address or 
provide a preferred e-mail to which the questionnaire would be sent. The confidentiality 
of each respondent’s information would also be assured at this stage. 
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After the phone calls were made, a total of 71 questionnaires were sent out. The 
potential respondents who could not be part of the survey were either out of business, 
not interested in participating, or their phone number/email address was invalid. A total 
of 53 questionnaires were returned making a 75% response rate. About 20% of the 
emails were invalid and a further 20% did not return questionnaires even after 
numerous follow up emails and phone calls. 
The official sending out of questionnaires began on the 25th of April 2017. The first 
cut-off date was 12 May 2017. The cut-of date was later moved to the 2nd of June 
2017. It was later extended to end of August 2017 then end of September 2017.  
Reminder phone calls were made every week once a week. Immediately after the 
reminder phone call was made a reminder email followed. This continued till the end 
of September 2017. The response rate per target group is shown in Table 3.2. 
Table 3.2: Response rate of respondents from the different target groups 
Target group Questionnaires sent out Questionnaire received Response rate in % 
Harvesting and 
transport 
contractors 
71 53 75 
Grower 
companies  
20 18 90 
Small growers 6 6 100 
Overall Response rate (77out of 97) 79.4 
3.8 Collection of data by interviews 
Table 3.3 below shows the number of respondents interviewed per target group. The 
interviews were conducted in Mpumalanga and KwaZulu-Natal. Harvesting specialists 
and/or harvesting managers from grower companies, harvesting contractor owners 
and transport managers were interviewed. It was a challenge getting hold of individual 
small-scale timber growers; hence, data were collected by a small-scale timber grower 
representative. The representative provided information holistically on small-scale 
timber growers from how they function, to the volume harvested and the types of 
harvesting systems and methods used.  
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Table 3.3: Number of participants interviewed per target group 
Target group Number of participants interviewed 
Harvesting and transport contractors 13 
Grower companies 6 
Small growers 1 
 
The interviewees consisted of people who completed the questionnaire and those who 
did not complete the questionnaire from the target groups. Interviewees who did not 
complete the questionnaire were asked to complete it before the interviews start. 
There were 11 questionnaires completed during the interviews by harvesting and 
transport contractors. There was a list of open-ended questions compiled separately 
and used during the interview. Further questioning took place depending on the 
response given. Refer to Annexure 5 for the structured interview questions. 
To capture the conversation during the interview sessions, a voice recorder was used, 
and participants were made aware of this. Disadvantages associated with conducting 
interviews will not apply in this study. One common disadvantage involves the 
interviewee being intimidated by the interviewer and answering questions in a manner 
that sounds acceptable to society (Phellas et.al. 2011). In this type of survey, 
interviewees were not asked sensitive questions; the questions were based on 
volumes harvested, harvesting machines used and the reasons for harvesting 
machine choices.  Nonetheless, information provided by each participant was kept 
confidential.  
3.9 Data analysis  
Data analysis refers to using statistical techniques to describe, illustrate, group, review 
and evaluate collected data (Cassim, 2015). This section discusses how the data 
collected for this research was analysed.  
The data collected from the questionnaires and interviews were analysed using 
descriptive statistics. Descriptive statistics is the preferred method because it was 
32 
 
used in the previous technical surveys both in South Africa and globally, as Brink and 
Warkostch (1989), Brink (1998) and Längin and Ackerman (2006) used the same 
method.  Data collected from the surveys around the globe by Barrett et al. (2012), 
Spinelli et al. (2010) and Spinelli et.al. (2014) were also analysed using descriptive 
statistics. 
Tables, pie charts and histograms formulated using Microsoft Excel was used to 
present the analysed data. The none-numerical data obtained from the interviews 
were analysed using coding. The recorded interviews were played on an audio and 
the frequently occurring responses were transcribed.  Different highlight colours were 
used for the different responses. Similar responses were grouped and highlighted with 
the same colour. The coding technique identified drivers of mechanisation and views 
of participants on the outsourcing of operations.  
3.10 Research methodology conclusion 
Grower companies, harvesting and transport contractors and small scale-growers in 
the five provinces practising forestry were part of the survey. Information was collected 
using questionnaires and interviews. Four types of sampling methods were selected; 
this was depended on the target group. Snowball sampling was used for small-scale 
timber growers, the total population for grower companies and the convenient 
sampling for the contractors. Purposive sampling was used when conducting the 
interviews. The following chapter presents the results that emerged from using the 
above-mentioned research methods. 
 
 
 
 
 
 
 
33 
 
CHAPTER 4: RESULTS AND DISCUSSIONS 
This chapter presents and discusses results from the data which was collected and 
analysed during the survey. Results from the three target groups across all five 
provinces were combined and presented as a total per genus; which is softwood 
(Pinus) and hardwood (Eucalyptus and Acacia). Tables and figures are used to 
illustrate the data; these are then discussed in detail. 
The results are divided into the following sub-sections: size of plantations, total volume 
harvested, total volume thinned and clear-felled, harvesting methods, harvesting 
machines, timber transport trucks and the volume transported by each truck, and lastly 
the total number of people employed in harvesting and transporting operations. 
The subsequent section is the number of harvesting machine estimation. Because the 
survey did not sample the entire population of the three different target groups, an 
estimation of the number of harvesting machines in South Africa was done. This 
section will detail the estimated total number of harvesting machines that would 
potentially be counted had the entire population (contractors, grower companies and 
small- scale timber growers) been sampled. With the aim of putting things into 
perspective, a comparison of the 1987, 1998, 2007 and 2017 technical surveys was 
conducted. This was an indirect comparison of how the quantities of the different 
harvesting machines have changed in each survey. 
4.1 Afforested area sampled per province 
The total area afforested in South Africa for 2016 according to Godsmark (2017) was 
1 224 456 ha. Different afforested hectares were sampled in each province (Figure 
4.1). Mpumalanga and KwaZulu-Natal had larger afforested areas, covering 38% and 
34% of the total afforested areas, respectively. Limpopo had the lowest sampled area; 
however, the main respondents from the target groups regarding area and volume 
were sampled. This resulted in a total area of 1 074 386 ha sampled, which was 88% 
of the total land afforested in South Africa.  
34 
 
 
Figure 4.1: Afforested area sampled per province 
 
4.2 Total volumes harvested, and volumes sampled   
Most of the volume produced was in Mpumalanga and KwaZulu-Natal; 31.4% of the 
total volume was produced in Mpumalanga and 52.5% in KwaZulu-Natal for the year 
2016 (Godsmark, 2017).  Figure 4.2 shows the total volume sampled in each province 
for softwood and hardwood. Mpumalanga and KwaZulu-Natal produced over 80% of 
the sampled volume and over 50% of the total volume harvested in 2016. Overall, 
Limpopo had the least volume sampled, with softwood not sampled due to poor 
response rate. 
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Figure 4.2: Sampled volume in softwood and hardwood per province 
 
The total volume harvested for 2016 in South Africa was 16.4 million m3. There were 
9.8 million m3 and 6.6 million m3 harvested respectively for hardwood and softwood 
(Godsmark, 2017). Table 4.1 shows the results according to the total volume surveyed 
per species between volume sampled and volume harvested annually in 2017. The 
results show that there was 64% of the volume harvested annually, sampled. The 
surveyed volume for hardwood was 44% of the volume harvested annually. Most of 
the softwood farmers were sampled at 92%.  
Table 4.1: Total volume harvested per target group in 2017 
Species Volume sampled (m3) Actual volume (m3) 
Hardwood 4 418 290 9 800 000 
Softwood 6 044 300 6 600 000 
Total 10 462 590 16 400 000 
 
4.3 Total surveyed volume thinned and clear-felled 
Figure 4.3 and Figure 4.4 depicts the surveyed volumes thinned and clear-felled in 
hardwood and in softwood, respectively. Thinning percentages were lower compared 
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to clear-felling percentages in both hardwood and softwood. More volume was thinned 
in softwood than in hardwood; 11% of the volume surveyed in softwood was thinned 
while only 2% was thinned in hardwood. The product specifications, market 
requirements and/or silviculture treatments influence the decision whether to thin or 
not. Softwood is mostly grown for saw timber; therefore, thinning allows the remaining 
trees to grow in height and most importantly, in diameter. The total volume thinned 
was 690 621 m3 and 5 335 679 m3 clear-felled for softwood. Hardwood are mostly 
used to produce pulpwood, and 79 830 m3 were thinned and 4 338 460 m3 were clear-
felled. 
 
 
Figure 4.3: Total volume in percentage thinned and clear-felled in softwood 
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Figure 4.4: Total volume in percentage thinned and clear-felled in hardwood 
 
4.4 The different harvesting methods sampled  
This section presents the different harvesting methods and harvesting systems as well 
as volumes harvested as a percentage of the total sample volume. The data were 
presented for both hardwood and softwood. 
The harvesting systems in Figure 4.5 include semi-mechanised and fully-mechanised 
systems for each harvesting method. Motor-manual operations, which involve using 
chainsaws for felling and processing as well as labour to extract, stack and load timber, 
were categorised in the same dataset as the semi-mechanised operations. Semi-
mechanised operations use chainsaws and ground-based machines, which require a 
labour input (i.e. cable skidder and choker men). This was done since both the motor-
manual and semi-mechanised operations use chainsaws for felling; to avoid confusing 
respondents who treat both as one, and to simplify the data capturing process. 
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Figure 4.5: Harvesting methods and harvesting systems in softwood and hardwood 
All three harvesting methods were used in semi-mechanised and fully-mechanised 
harvesting systems for softwood and hardwood. There, however, was no fully-
mechanised system recorded during the survey for the tree length method in 
hardwood.  Hardwood harvesting had 41% of the volume harvested using the CTL 
fully mechanised system. In softwood, the fully-mechanised CTL method harvested 
15% of the volume sampled. 
When the first three technical surveys were conducted, the full tree method was mostly 
absent; harvesting less than 1% of the total timber volume sampled. This was not the 
case in the fourth survey. From Figure 4.5 in both softwood and hardwood, the full tree 
method harvests 9% of the volume in hardwood and a further 27% in softwood. This 
could be due to better optimisation of saw timber on landing and the ability of the 
system to handle multiple stems (McEwan, personal communication 2018). 
Furthermore, the full tree method provides another forest product, biomass, and thus, 
generates an additional income (Roxby, 2015). 
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4.5 Number of harvesting machines surveyed 
This section presents and discusses harvesting machines in terms of their function, 
numbers and the geographic location in which they operate. It was anticipated that 
provinces with large afforested areas would have high machine populations. 
Mpumalanga and KwaZulu-Natal had the highest population of harvesting machines 
sampled; 86% of the total sampled machines operate within these two provinces. 
Mpumalanga had 44% sampled machines while KwaZulu-Natal had 42%. There were 
9% of the sampled machines operating in the Western Cape and 4% in the Eastern 
Cape. Limpopo had the least number of machines; only 1% of the total sampled 
machines were counted in this province (Annexure 7).  
The next section will detail the number of machines involved in felling, processing, 
extraction and loading operations sampled during the survey. It is important for the 
reader to note that some of the individual machines were involved in more than one 
function i.e. a harvester fells and processes the tree. In this case, a primary function 
was selected and considered before the other functions. This was done to avoid 
double counting the individual machines to two or more functions i.e. a harvester was 
counted as a felling machine and not under processing, as this would then cause 
duplication of the machines. 
4.5.1 Total number of felling machines surveyed 
There were 1 048 chainsaws, 13 feller bunchers and 94 harvesters recorded in 
softwood and hardwood. Out of the three surveyed felling machine types, chainsaws 
were the most dominant in felling operations in both softwood and hardwood (Figure 
4.6). The results indicated a need for chainsaws despite the introduction of advanced 
machines. The popularity of chainsaws was due to a lack of sufficient timber volumes 
to justify the purchase of bigger machines, their affordability and ease of maintenance 
when compared to the other machines (Forestry Focus, 2018). The feller buncher was 
uncommon, as it is a high production machine that requires large volumes. Moreover, 
a feller buncher requires other machines to be on the roadside to facilitate the further 
processing of the trees after felling (McEwan, personal communication 2018). 
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Figure 4.6: Total number of felling machines surveyed in South Africa 
 
4.5.2 Total number of extraction machines surveyed 
There is a wide variety of extraction equipment used in South Africa, ranging from 
manual, animals, and ground-based machines to cable yarders (Figure 4.7). In total, 
92 people were employed in extraction operations. There, however, were significantly 
more people (84 out of 92) extracting in hardwood than softwood. Softwood species 
are grown for saw timber, which is difficult for people to handle due to the piece size 
being larger, whereas hardwood species are usually used for pulp and paper and 
handling is easier by labour. 
Cable skidders recorded 51 units in softwood, which was the highest followed by 
grapple skidders and the agricultural tractor (A-frame) with 33 units each. The 
agricultural tractor (A-frame) stood out as the most common extraction equipment in 
hardwood with 46 units in total. It was also interesting to note that among the cable 
yarding extraction systems, the high lead had the most units (31) in softwood 
extraction. 
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Figure 4.7: Total number of extraction methods surveyed in South Africa 
 
4.5.3 Total number of processing machines surveyed 
The range of processing machines was limited compared to the other harvesting 
machines sampled. About seven different types of processing units were recorded as 
shown in Figure 4.8. The survey revealed there were still manual people involved in 
processing operations in South Africa, particularly in short rotation pulpwood 
harvesting. The manual debarkers recorded were 767 in hardwood and none were 
sampled in softwood.  
In total there were 87 processing heads. Their number justifies their efficiency when 
compared to manual debarkers i.e. the number of trees that can be processed by one 
processor head per given time against a manual debarker over the same amount of 
time. No manual debarkers were recorded for softwood due to the type of the product 
handled.  
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Figure 4.8: Total number of processing methods surveyed in South Africa  
 
4.5.4 Total number of loading machines surveyed 
The three-wheel loaders were recorded as the most common in loading operations 
during this survey. In total, there were 323 three-wheel loaders in both hardwood and 
softwood. These machines were used for loading as well as sorting and stacking 
timber and to some degree, for extraction. In total, 57 excavator-based loaders were 
recorded. These machines were the third most common after three-wheel loaders and 
manual loading, which were more dominant especially in hardwood (see Figure 4.9). 
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Figure 4.9: Total number of loading methods surveyed in South Africa 
 
4.6 Harvesting machine estimation 
This section estimates the total population of harvesting machines had all potential 
respondents filled in the questionnaire. There were 174 potential respondents from the 
three target groups; 80% were harvesting and transport contractors, 16% grower 
companies and 4% small-scale timber growers. From the total potential respondents, 
55% participated in the survey. Only 6% were not interested to participate, 18% were 
out of business and no communication was established with 21%.  
The following formula was used to estimate the number of harvesting machines for a 
95% confidence interval using normal distribution/ Z-Distribution.  
Lower limit (LL) = ∑ 𝑥𝑖 ∗
𝑁
𝑛
𝑛
𝑖=1 − 1.96𝑁
𝑠
√𝑛
 
Upper limit (UL) = ∑ 𝑥𝑖 ∗
𝑁
𝑛
𝑛
𝑖=1 + 1.96𝑁
𝑠
√𝑛
 
Where ∑ 𝑥𝑖𝑛𝑖=1   is the sampled total number of machines, n is the sample size, N is the 
population size, and S is the sample standard deviation. 
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The equation allows for the minimum (lower limit) and the maximum (upper limit) 
number of a specific harvesting machine to be estimated using the total number of that 
specific machine recorded in the survey.  For example, if 1 048 chainsaws were 
recorded during the survey, the normal distribution equation determines the possible 
lowest (1 386) and highest (2 067) number of chainsaws that could have been 
recorded had all the potential respondents participated as seen in Table 4.3. 
The following formula was used to estimate the most likely number of harvesting 
machines. This formula calculates the possible actual number for the specific 
machines had all potential respondents participated in the survey.  
Most likely number of harvesting machines = ∑ 𝑥
𝑖 𝑋
𝑁
 𝑛
 
Where ∑ 𝑥𝑖 the sampled number of harvesting machines, n is the sample size, N is the 
population size.  
Table 4.3: Harvesting machine population estimation 
Machine type Number of 
machines from 
survey 
Lower limit Upper limit Most likely 
number  
Chainsaw 1048 1386 2067 2545 
Harvester 94 116 281 228 
Feller buncher 13 18 55 32 
Cable skidder 88 107 261 214 
Grapple skidder 35 48 132 85 
Agricultural tractor 
(all) 
163 163 515 396 
Skyline 11 22 43 28 
High lead 33 44 118 80 
Forwarder 42 64 132 102 
Processing head 96 109 343 233 
3-wheel loader 357 472 891 792 
Excavator loader 60 81 200 145 
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The estimation of harvesting machines using the 95% confidence interval did not 
include all the surveyed machines. Some machines were only mentioned once or a 
few times and in small quantities during the survey. This made it difficult to estimate 
their population numbers using normal distribution / Z-distribution. Estimated 
machines were those that were common among the surveyed participants and were 
above 10 units per machine, as can be observed in the second column (number of 
machines from the survey) in Table 4.3. 
4.7 Timber truck configurations and volume transported  
This section presents the results on the total number of timber trucks and the total 
volume surveyed per genus. Some respondents were responsible for both harvesting 
and transport, and some for transport only. Respondents who did both harvesting and 
transport were requested to only provide the volume transported if it was different from 
the volume harvested. The total sampled volume transported, and the sampled volume 
recorded, therefore, were not the same. The sampled volume transported was 9 180 
428 m3; 62% was hardwood and 38% softwood.  
The freight 6×4 truck with 2 axle drawbar trailer configurations transported the highest 
volume in hardwood (1 424 500 m3). In softwood, the same truck transported 570 500 
m3, which was the highest volume sampled. The truck configurations with the highest 
units recorded in hardwood and softwood were freight 6×4 with axle drawbar trailer 
and a performance-based system (PBS), respectively. According to SA Forestry 
(2013), a PBS refers to a system used on specific timber trucks that allows for safe 
transportation of an increased payload without compromising road safety and road 
infrastructure. A PBS allows for fewer trucks on the road since timber volume per truck 
is maximised (above 56-ton gross combined legal mass limit set by dept of transport 
in South Africa). The timber volumes transported that were transported by each truck 
configuration during the year 2016 were recorded (Annexure 8). 
The different truck configurations are illustrated in both Figures 4.10 and 4.11. In 
Figure 4.10, the PBS truck had the highest units recorded. The PBS transported 14% 
of the surveyed volume in softwood using 26 units. Large volumes of timber, however, 
were transported by the freight 6x4 with 2 axle drawbar trailer and freight 8x4 with 4 
axle drawbar trailer. Both configurations transported 16% of the total volume sampled; 
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however, the freight 6x4 with 2 axle drawbar trailer had 25 units, and the freight 8x4 
with 4 axle drawbar trailer had 20 units.  
 
Figure 4.10: Total number of timber trucks surveyed, and the volume transported in 
softwood 
 
In hardwood, as shown in Figure 4.11, the freight 4x2 truck configuration transported 
25% of the total sampled volume with 20 units. The freight 5 axle drawbar trailer 
transported 16% of the total sampled volume. Both the freight 6x4 with 2 axle drawbar 
trailer and the freight 8×4 with 5 axle drawbar trailer, transported 14% of the total 
volume. There were 29 units recorded for the freight 6×4 with 2 axle drawbar trailer, 
and this was the truck configuration which had the highest number of units.  
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Figure 4.11: Total number of timber trucks surveyed, and the volume transported in 
hardwood 
 
4.8 Total number of people surveyed in harvesting and transporting 
operations 
The total sampled number of people employed in harvesting and transporting 
operations across the three target groups are shown in Table 4.3. These exclude 
harvesting managers, contract owners and foresters. Only people working in the 
operational level carrying out the day-to-day harvesting, and transporting activities 
were included.   
Table 4.3: Total number of people sampled working in harvesting and transporting 
operations 
Type of operation Total number of people employed 
Harvesting operations 5 360 
Transporting operations 1 012 
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Harvesting is complex, with more than one activity making up the complete operation, 
from felling, processing, extraction, stacking and loading of timber; hence, more 
people were employed in the harvesting operations than in transporting operations 
(see Table 4.3). Figure 4.12 illustrates the number of people working in harvesting and 
transport operations per province. Mpumalanga and KwaZulu-Natal had the highest 
sampled number of people due to the large volumes produced in these two provinces. 
Over 60% of the total number of people sampled were employed by contractors 
operating in KwaZulu-Natal and Mpumalanga province.  
 
Figure 4.12: Total number of surveyed people working in harvesting and transport 
operations 
 
4.9 Comparison of technical survey results over time 
The first two technical surveys conducted in 1987 and 1998 both sampled 88% of the 
14 518 899 m3 annual volume harvested. The third survey sampled 49% of the annual 
15 404 360 m3 volume harvested in 2007, the current survey current survey sampled 
64% of the 16 400 000 m3 volume harvested in 2016.  
This section will present an indirect comparison between all the harvesting technical 
surveys that were conducted in South Africa. The 2017 data will be compared to the 
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1987, 1997 and 2007 surveys. The surveys were compared in terms of harvesting 
methods and number of harvesting machines under the different volumes sampled in 
each survey. The comparison of the 2017 results with previous surveys will give a 
perspective of how the harvesting machines, methods and systems have changed 
over the four technical surveys conducted in the past. Furthermore, this shall depict 
some trends and developments in harvesting equipment employed in the country over 
the past years. 
4.9.1 Comparison of harvesting methods from the four technical surveys 
The trend in harvesting methods in all the technical surveys remained the same.  A 
change was only seen in the volume percentage harvested using each method in both 
hardwood and softwood. The CTL method was the most common harvesting method, 
harvesting over 50% of the total volume in hardwood in all the technical surveys, as 
seen in Figure 4.13. Ackerman et al. (2012) add that the CTL method is dominant in 
the harvesting of pine and Eucalyptus pulpwood with a slight use of the tree length 
method. 
The first three technical surveys revealed that the full tree method was uncommon, 
harvesting only 2% in softwood in the first survey and 1% in both softwood and 
hardwood in the second survey. According to Brink and Warkotsch (1987), the full tree 
method harvested was mostly absent in the first survey. In the third survey, the method 
was absent in softwood and hardwood.  It was only in the fourth technical survey where 
the full tree method was significantly used, harvesting 9% and 27% of the total volume 
in hardwood and softwood, respectively. The tree length method harvested on average 
40% of the surveyed volume in softwood and 15% in hardwood over the past four 
decades.   
The tree length method was predominant on the harvesting of softwood compared to 
the harvesting of hardwood in all four technical surveys. According to Ackerman et al. 
(2012), most of the volume in softwood and hardwood sawtimber was harvested using 
the CTL method, but over the years the tree length method became more popular. The 
results in Figure 4.13 show that there is a decrease in the volume harvested by the 
tree length method since the first survey.  
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Figure 4.13: Harvesting methods since the first technical survey and volume in % 
harvested 
 
4.9.2 Comparison of harvesting machines over time 
This section presents the number of harvesting machines per function in all the 
technical surveys. Not all harvesting machines are included, only machines that were 
considered as important and popular in the first technical surveys were compared. 
Following is a summary outlining harvesting machines that have increased and 
decreased over the years.  
4.9.2.1 Comparison of felling and processing machines 
To put things into perspective, the four technical surveys are compared in this sub-
section although the volume sampled differs for each of the surveys. As seen in Figure 
4.14, chainsaws were recorded in all the technical surveys. The first technical survey 
had the highest number of chainsaws. However, a downward trend in their numbers 
is seen from the second to the fourth survey. Chainsaws decreased from 4 000 in the 
second survey to 1 048 in the 2017 survey. This points to the movement toward 
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mechanisation. The feller buncher population has slightly increased in numbers in the 
2017 survey compared to the previous three surveys.  
 
Figure 4.14: Number of chainsaws in the four technical surveys 
 
Based on Figure 4.15, there were two feller bunchers in the 2007 survey and 13 in the 
2017 survey.  Their numbers, however, are lower compared to the harvesters, which 
increased significantly in the fourth survey, from 10 units to 94 units. The difference 
was because of a preference of multi-function over single-function equipment such as 
the feller buncher (Mellgren, 1989). The harvester fells, processes and stacks while a 
feller buncher only fells and bunches the trees. The debarking machines have shown 
an undulating pattern. These machines were most common in the first technical survey 
where they recorded 38 units. Their number decreased in the second survey to 6 units. 
In the 2006 survey, there were 12 units of these machines recorded, which decreased 
to 6 units in the 2017 survey. The debarking machine in the first two surveys consisted 
of hand-held tools, tractor driven and/or pulled as well as self-propelled vehicles. A 
mechanised debarker was the least used since it resulted in excessive surface 
damage on the hardwood (Brink & Warkotsch, 1987). Since then, debarking machines 
have made technological advancements with all functions available on a harvester 
head. 
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Figure 4.15: Felling and processing machines since the first survey 
 
4.9.2.2 Comparison of extraction machines surveyed  
The trend of mechanisation in extraction operations is visible in Figure 4.16. It is 
depicted in the increase in machines such as the grapple skidder and the forwarder 
since the third technical survey. Both these machines had 40 units in the 2017 survey. 
The grapple skidder and the forwarder are mostly used in fully-mechanised harvesting 
systems. Both machines have increased in use by 95% and 50%, respectively from 
the third survey. Agricultural tractors remain the most common machine used for 
extraction, although a decrease in their numbers is observed over the past four 
decades. The 1998 survey recorded the highest number of agricultural tractors, which 
has subsequently decreased in the 2007 and 2017 survey. The chute was introduced 
to South Africa in the late 1980s and it was a good alternative for traditional methods 
of extracting timber on difficult terrain (De Wet & McEwan, 2012). The highest 
population of these channel systems was recorded in the second survey, where it had 
116 units. However, as seen in Figure 4.16, their numbers have decreased in the 2017 
survey; 5 units were recorded. 
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Figure 4.16: Extraction machines since the first technical survey 
 
4.9.2.3 Comparison of loading machines surveyed  
As seen in Figure 4.17, only three types of loading equipment have been employed in 
South Africa over the past four decades. The three-wheel loaders have consistently 
remained dominant in all the technical surveys. In the 1998 survey, the highest number 
of 538 units of three-wheel loaders was recorded; however, these machines have 
decreased in numbers since then. The survey results indicated a significant increase 
in the number of excavator-based loading machines, from 9 units in 2007 to 57 units 
in 2017.  
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Figure 4.17: Loading machines since the first technical survey 
 
4.10 Summary of harvesting machine comparisons  
This section identifies and discusses some of the machines that have decreased and 
increased in this survey as compared to previous surveys. Over the years, the usage 
of timber harvesting machines has evolved. From the four technical surveys, it can be 
observed that some sampled machines have increased in numbers over the years 
while some have shown a decrease. Others have shown neither specific ascending 
nor descending patterns over the four technical surveys.   
Sampled chainsaws have shown a descending pattern in numbers from the first to the 
last technical survey. The survey trends show that chainsaws are not as dominant as 
they were in the past; this is also reflected by the increase in the number of harvesters 
over the recent years. Chainsaws have become more common in areas with small tree 
sizes and poor form; poor form trees (crooked trees) and on steep slopes where typical 
feller bunchers and harvesters cannot access (Forestry Focus, 2018). With 
mechanised operations increasing, a decrease in numbers was also seen in cable 
skidders. According to de Wet and McEwan (2012), the cable skidder is frequently 
used where large volumes are harvested using manual felling.  
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Agricultural tractors are important in timber extraction operations, though they were 
primarily designed to carry out agriculture tasks (De Wet & McEwan, 2012). They had 
the highest units (577) recorded in the 1998 technical survey. Their numbers, however, 
have decreased in the 2017 technical survey due to the introduction of forwarders and 
grapple skidders. Both these machines have increased in units in the recent survey.  
Mechanised harvesting operations in South Africa have promptly increased (Hogg, 
2009); this is depicted by the increase in harvesting machines in the 2017 survey 
compared to the previous surveys. These operations mostly use a harvester that has 
increased significantly in numbers in the 2017 technical survey. The feller buncher, 
grapple skidder and excavator loader have also increased in numbers. The use of 
these machines indicates an increased reliance on using mechanised systems to 
perform functions that previously would have been carried out manually. 
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 
In concluding, this chapter gives a summary of the main findings, value of the research 
to the forestry industry and recommendations. 
5.1 Summary of main findings 
The summary of the main findings discusses the research problem and the research 
methodology that was used to address the research problem. It also discusses key 
findings from the technical survey obtained from the questionnaires and interviews.  
5.1.1 Summary of the research problem and research methodology 
In total but excluding the current survey, three technical surveys were conducted in 
South Africa over the past 30 years. These technical surveys provided different 
stakeholders with an up-to-date status quo of forest operations. The preceding surveys 
quantified and analysed the various forest operational equipment used in South Africa 
at the time. It has been over ten years since the last technical survey was conducted. 
With the South African forest industry constantly changing and modernising its 
operations, another technical survey to document a decade worth of changes within 
the industry was due. 
This research was conducted as the fourth South African technical survey, aiming to 
quantify the current number of machines in harvesting and transport operations as of 
2017. Silviculture operations were excluded to narrow down the focus of the study. 
The operations were analysed in terms of the total number of people employed in 
harvesting and transport operations, the total volume thinned and clear-felled, the 
types of methods and the number of harvesting machines used. The data were 
collected using questionnaires and interviews from forestry grower companies, 
harvesting and transport contractors and small-scale timber growers. The research 
also analysed the level of mechanisation in harvesting operations, the drivers of 
mechanisation and the outsourcing of these operations. 
The questionnaire collected numerical data and the interviews investigated the reason 
behind the numbers. The interviews investigated the drivers behind the choice of 
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harvesting equipment and the methods selected by the respective operational 
managers and contractors. The research determined: 
• The total number of harvesting machines and timber transport trucks in South 
Africa; 
• The drivers behind mechanisation; and 
• The different trends in harvesting machines and harvesting methods since the 
last technical survey. 
 
5.1.2 Key findings from questionnaires 
Across the three target groups for this survey, the CTL harvesting method was 
dominant in both semi-mechanised and fully-mechanised systems. In hardwood and 
softwood, the CTL method harvests 42% and 79% of the total sampled volume, 
respectively. The common equipment combinations for fully-mechanised and semi-
mechanised CTL methods were harvester and forwarder as well as chainsaw and 
agricultural tractor (A-frame), respectively. 
There have been significant changes in the numbers of the different harvesting 
machines sampled from the last technical surveys. Machines that had more units in 
the felling and extraction activities were chainsaws and agricultural tractors. Despite 
the high number of units for these machines sampled in the 2017 technical survey, 
chainsaws showed a 10.8% decrease from the 2006 survey while agricultural tractors 
had a 24.9% decrease. Other machines that showed a percentage decrease in the 
number of units in the current technical survey includes the three-wheel loaders and 
cable skidders. 
Most mechanised machines in the felling, processing, extraction and loading 
operations showed a percentage increase in numbers throughout the technical 
surveys. The harvester had three units and ten units in the 1998 and 2007 surveys 
respectively; it has since increased to 94 units in the current survey. The feller 
bunchers have increased from two units to 13 units in the fourth technical survey. 
Grapple skidders have doubled their numbers since the last technical survey. The 
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excavator loader was only present in the 2006 survey and recorded nine units; they 
have since multiplied by over six times in the current technical survey. 
In transporting operations, there was a wide variety of truck configurations being used 
by the South African timber supply and logistics operations. The type of truck 
configuration that transported the highest sampled volume in softwood was the freight 
8x4 with 4 axle trailer which had over 16% of the total volume. For hardwood, the 
freight 6x4 with 2 axle drawbar trailer transported 25% of the total volume.  
5.1.3 Key findings from interviews 
This section is a summary of the interview findings (annexure 6). It details some of the 
key findings from the interviews which were an integral part of the data collection 
process for this technical survey. Other methods applied for data collection were the 
questionnaires which were discussed earlier in chapter 3. 
More than 50% of the sampled participants had their harvesting operations fully 
mechanised. These were grower companies with insourced operations and 
contractors that were well developed. This was not the case with small-scale growers 
due to a lack of capital and low volumes of timber harvested annually. This also applied 
to some of the upcoming and developing contractors. There were different drivers 
toward machine preference among the target groups. The common drivers were 
identified as health and safety, productivity, unavailability and unreliability of labour.  
Forest harvesting operations, for now, remain outsourced; however, it was unknown 
whether operations will remain outsourced in future. Feedback from corporate 
companies with outsourced operations indicated that there is an aspiration to insource 
at least one operation per system to benchmark operations. Corporate companies with 
own operations intended on keeping operations in-house with no intention of 
outsourcing soon. Contractors, however, believe that the factors that pushed corporate 
companies to outsource operations still exist. Such include trade unions, industrial 
actions, and labour issues; hence, operations are likely to remain outsourced.  
Harvesting operations for interviewed respondents were found to be a mixture of 
mechanised and semi-mechanised operations with the use of manual labour. All three 
harvesting methods were used in one way or another among the respondents. More 
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than 50% of the interviewees were found to be using mechanised CTL methods. The 
full tree and tree length methods were uncommon.    
5.3 Value of research to the forest industry 
The results from this research are important to stakeholders in the forestry industry. 
Such include harvesting and transporting contractors, grower companies, small-scale 
growers, machine manufacturers and distributors. This research will potentially: 
• Give insight to harvesting foresters and managers on existing harvesting 
systems and frequently used machine combinations. Furthermore, the results 
will assist in the decision-making around system selection. 
• Advise machine manufacturers and distributors about common harvesting 
machines and equipment, the location of machines and the target market. 
• Bridge the knowledge gap between provinces regarding machine options 
available for different operations in harvesting 
• Provide a status of mechanisation in harvesting and transport operations in 
South Africa. 
5.4 Recommendations 
Using questionnaires and interviews, this research quantified the number of harvesting 
machines, determined the driving factors towards using these machines and identified 
trends in harvesting methods. The questionnaire captured the number of machines, 
the different methods and systems used, and the volumes harvested. In future, the 
questionnaire should include a column where respondents give detailed descriptions 
of the model of the machine, i.e. type of carrier, head design and brand of harvesting 
machines. 
Only small-scale timber growers in KwaZulu-Natal were part of the survey. This was 
due to limited access to relevant forestry associations who had their contact details. 
Limpopo had a handful of contractors on the SAFCA list and they were not interested 
in being part of the survey; therefore, they were not sampled. In future, the response 
rate for contractors could be improved by distributing questionnaires to contractors via 
grower companies. Regarding small-scale timber growers, the response rate could be 
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improved by partnering with responsible organisations such as FSA. This will allow for 
ease of access to the small-scale timber growers’ database.  Improving the response 
rate will ensure that respondents from the three target groups in the different provinces 
have a fair chance of being sampled. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
61 
 
REFERENCE LIST  
Abbas, D., Handler, R., Hartsough, B., Dykstra, D., Lautala, P., Hembroff, L., 2014. A 
Survey Analysis of Forest Harvesting and Transportation Operations in Michigan. 
[Online]. Available at 
https://pdfs.semanticscholar.org/ff3f/06703625584055637fb74369d255579fb70c.
pdf [Accessed 5 December 2018] 
Acharya, B., 2010. Questionnaire design. [Online] Available at: 
http://www.saciwaters.org/CB/IFRM/IFRM/IV. [Accessed 25 March 2016] City: 
Nepal Engineering Collage, Department of Population studies. 
Ackerman, P., & Längin, D., 2010. Introduction. D. Langin, P. Ackerman, B. Krieg, A. 
Immelman, C. Potgieter, J. van Rooyen & S. Upfold. South African ground based 
harvesting handbook. First Edition. South Africa, pp. 13-22. 
Ackerman, P., Längin, D., Oslen, G., 2012. Timber harvesting and transport.  B.V 
Brendenkamp & S. J Upfold.  South African Forestry Handbook. 5th Edition. Menlon 
Park: South African Institute for Forestry, pp 353- 367. 
Andersson, S., (2004). Skogsteknik förr och nu, (pp. 102–116). The Swedish Society 
of Forest History. 
Asikainen, A., Leskinen L.A., Pasanen, K., Väätäinen, K., Anttila, P., & Tahvanainen, 
T., 2009. Forest in the technology vision and roadmap for 2020. [Online]. Available 
at: http://www.metla.fi/julkaisut/workigpapers/2005/mwp008.htm [Accessed 04 
October 2017] 
Alam, M.M., Strandgard, M.N., Brown, M.W., & Fox, J.C., 2012. Improving productivity 
of mechanised harvesting systems using remote sensing. Australian Journal. 
[Online] Volume 75, issue 4. Available at: 
https://www.tandfonline.com/doi/abs/10.1080/00049158.2012.10676408 
[Accessed 13 March 2019]. 
 
 
 
62 
 
Axelson, S., 1998. The mechanization of login operations in Sweden and its Effect on 
occupational Safety and Health. International Journal of Forest Engineering, 
[Online] 9 (2) July 1998. Available at: 
https://journals.lib.unb.ca/index.php/ijfe/article/view/9979/10223 [Accessed 20 
October 2017] 
Barrett, S.M., Chandler, J.L., Bolding, M.C., & Munsell, J.F., 2012. Forest harvesting        
in Virginia: Characteristics of Virginia’s logging operations. Virginia: Department 
of Forest Resources and Environmental Conservation.  
Bayne, K.M. & Parker, R.J., 2012. The introduction of robotics for New Zealand 
forestry operations: Forest sector employee perceptions and implications. 
Technology in Society, 34(2),138–148. [Online]. Available at: http://dx.doi.org 
/10.1016/j.techsoc.2012.02.004. [Accessed 03 March 2016]. 
Blinn, R., Dahlman, R., Mattson, & Thompson, M. 2001. Overview of approaches to 
sustain forest productivity during forest road development and timber harvesting 
activities. [Online]. Available at: 
http://www.cnr.umn.edu/FR/conferenceinfo/proceedings/papers/Blinn.  
[Accessed 05 October 2017] 
Brink, M.P., 2001. Development of a method to forecast future systems in the forest  
engineering value chain. PhD. Stellenbosch: University of Stellenbosch. 
Brink, M.P., & Warkotsch, P.W., 1989. Forest technical survey. Stellenbosch: 
University of Stellenbosch. 
Brink, M.P., & Warkotsch, W.P., 1990. South African Forest Technical Survey, South 
African Forestry Journal, 152: 1, pp 72-79, DOI: 1080/00382167.1990.9629022. 
Brink, M.P., 1999. Forestry engineering in South Africa in 2010-A scenario analysis. 
In L. Kellogg & P.  Pietermaritzburg, Timber harvesting technologies for forestry 
in the new millennium.  City: Pietermaritzburg, pp. 1-15 
Brink, M.P., 2018. Discussion on technology in forestry harvesting operations. [Email] 
(Personal communication, 2 October 2018) 
63 
 
Cassim, L., 2015. Postgraduate tool kit: How to write a research proposal. 2nd Ed. 
[DVD] South Africa 
Carle, J., Vuorinen, P. & Del Lungo, A., 2002. Status and trends in global forest 
plantation development.  
Clarke, J. and Isaacs, M. (2005) Forestry contractors in South Africa: what role in 
reducing poverty? Programme for Land and Agrarian Studies, University of the 
Western Cape, South Africa, and International Institute for Environment and 
Development, London, UK. [Online] Available at: 
http://pubs.iied.org/pdfs/9558IIED.pdf [Accessed 19 February 2018] 
da Costa, D., 2013. Modernisation and the effects on silviculture. Mondi [PowerPoint 
presentation].  
Department of Agriculture, Forestry and Fisheries (DAFF), 2015. The state address of 
Forest report 2010-2012. Pretoria: Department of Agriculture, Forestry and 
Fisheries. 
Department of agriculture, Forestry and Fisheries (DAFF), 2016. Annual report: 2015-
2016. Pretoria: Department of Agriculture, Forestry and Fisheries. 
de Wet, P. & McEwan, A., 2012. Timber harvesting and extraction.  B.V Brendenkamp 
& S. J Upfold.  South African Forestry Handbook. 5th Edition. Menlon Park: South 
African Institute for Forestry, pp 385- 410. 
FAO, 2015. Brazil forest resources. [Online] Available at: 
http://www.timbertradeportal.com/countries/brazil/ [Accessed 10 March 2019]. 
Focus Forestry, 2018. Growing forests: Harvesting. [Online] Available at: 
https://www.forestryfocus.ie/growing-forests-3/harvesting/ [Accessed 24 
November 2018]  
Gallis, C., 2013. Increasing productivity and controlling of work fatigue in forest 
operations by using prescribed active pauses:  a selective review. [Online] 
Available at: 
https://www.researchgate.net/publication/260530324_Increasing_Productivity_
64 
 
and_Controlling_of_Work_Fatigue_in_Forest_Operations_by_Using_Prescribe
d_Active_Pauses_a_Selective_Review [Accessed 03 July 2017] 
Genesis, 2005. Part 1: The contribution, cost and development opportunities of the 
Forestry, Timber, Pulp and Paper industries in South Africa. [Online] Available 
at:https://www.forestry.co.za/uploads/File/industry_info/industry%20growth/Gen
esis%20PAM01_Part%20I_Integrated%20main%20document_final%20290620
05.pdf [Accessed 12 February 2018]  
Godsmark, R., 2013. The South African Forestry and Forest Products Industry 2011. 
Forestry South Africa [PowerPoint presentation]. 
Dolores, M. & Tangco, C., 2007. Purposive Sampling as a Tool for Informant Selection. 
A journal of Plants, People and Applied Research, pp 147-157.    
Drushka, K. & Konttinen, H. (1997). Tracks in the Forest: The Evolution of logging 
Equipment.  Helsinki, Finland: Harbour Pub Co 
Häggström, C., Lindroos, O., 2016: Human, technology, organization and environment 
– a human factors perspective on performance in forest harvesting. International 
Journal of Forest Engineering 27(2): 67–78. [Online] Available at: 
http://www.crojfe.com/site/assets/files/4084/lindroos.pdf [Accessed 08 March 
2019]. 
Hogg, G., Krieg, B., Ackerman, P., & Längin, D. 2012. Timber harvesting and 
equipment costing.  B.V Brendenkamp & S. J Upfold.  South African Forestry 
Handbook. 5th Edition. Menlon Park: South African Institute for Forestry, pp 375- 
384. 
Howard, M., Matikinca, P., Mitchell, D., Brown, F., Lewis, F., Mahlangu, I.,Msimang, 
A., Nixon P. and Radebe, T. 2005 .Small-scale timber production in South Africa: 
what role in reducing poverty? Fractal Forest Africa, Fakisandla Consulting, 
Institute of Natural Resources, Rural Forest Management cc, South Africa, and 
International Institute for Environment and Development, London, UK. 
65 
 
Ilker, E., Sulaiman A.M, Rukayya S.A., 2015. Comparison of Convenience Sampling 
and Purposive Sampling. American Journal of Theoretical and Applied Statistics. 
Vol. 5, No. 1, 2016, pp. 1- 4.  
Ilker, E., Sulaiman A.M, Rukayya S.A., 2016. Comparison of Snowball Sampling and 
Sequential Sampling. Biometrics and Biostatistics International Journal. Vol. 3, 
No. 1, 2016.    
IUGG, 2015. List of developing countries. 26th IUGG General Assembly: International 
Union of Geodesy and Geophysics. Prague  
Kariukai, P. & Leigh, F., 2015. African economic outlook 
Kellogg, L., 1999. Forest Engineering of the Solution for Achieving Forest 
Management objectives. In:  L. Kellogg & P. Licht. Timber harvesting 
technologies in the new millennium. Pietermaritzburg South Africa, pp. i-xiii 
Kendall, L., 2008. The conduct of qualitative interview: Research questions, 
methodological issues, and researching online. In: J. Coiro, M. Knobel, C. 
Lankshear & D. Leu Eds. Handbook of research on new literacies pp.133-149. 
New York: Lawrence Erlbaum Associates. 
Krieg, B., 2012. Secondary timber transport in the forest application.  B.V 
Brendenkamp & S. J Upfold.  South African Forestry Handbook. 5th Edition. 
Menlon Park: South African Institute for Forestry, pp 439- 460. 
 
Leinonen, A., 2004. Harvesting technology of forest residues for fuel in the USA and 
Finland. [Online]. Available at: http://www.vtt.fi/inf/pdf/tiedotteet/2004/T2229.pdf 
[Accessed 07 October 2017]   
Lahtine, M., 2011. The Global Challenges of Harvesting and how the CTL Method Can 
Respond to Them. Master’s Thesis. Mikkeli University of Applied Science. 
Längin, D., & Ackerman, P., 2007. South African Forest Engineering Survey 
2006/2007. Final Report to the South African Forest Industry. Stellenbosch 
University & Institute for Commerical Forestry Research. November 2007.  
Längin, D. Ackerman, P. & Oslen, G., 2010. Introduction to ground-based harvesting 
66 
 
systems and methods. Langin, D. Ackerman, P. Krieg, B. Immelman, A. Potgieter, 
C. van Rooyen, J & Upfold, S. South African ground-based harvesting handbook. 
First Edition. South Africa, pp 23-43. 
Lindroos, O., La Hera, P., & Häggström, C., 2017. Drivers of advances in mechanised 
timber harvesting- a selective review of technological innovations. [Online]. 
Available at: http://www.crojfe.com/site/assets/files/4084/lindroos.pdf [Accessed 
11 March 2019].  
Nieuwenhuis, M., & Lynos, M., 2002. Health and safety issues and perception of forest 
harvesting contractors in Ireland. Journal of forest Engineering, 13. 
Marijan, Š. Dubravko, H. Zdravko, P. & Marko., Z., 2015. Development of forest 
machines-new trends. Institute of Forest Engineering Faculty of Forestry. 
Conference CROJFE: Current situation and future challenges. University of 
Zagreb, 18 - 20 March 2015.  Zagreb: Zalesina.  
McDonald, P. & Clow, M., 1999.  “Just one damn machine after another?” 
Technological innovation and the industrialisation of tree harvesting systems. 
Technology in society 21, pp 323-344 
McEwan, A., & Steenkamp, J., 2014. Silviculture modernization in the South African 
forestry industry. [Online]. Available at: https://aisf.it/2cis-ame-sil/ [Accessed 17 
July 2016] 
McEwan, A., 2016.  Move towards mechanised harvesting solutions. [Conversation] 
(Personal communication, 30 April 2016) 
Mellgren, P.G., 1989. Journal of Forest Engineering. Reliable multi-function wood 
harvesting machines in future, [Online]. Available at: [Accessed 12 October 2017] 
Milne, B., Chen, X., Hann, C., and Parker, R. (2013). Robotisation of forestry 
harvesting in New Zealand-An overview. In 10th IEEE International Conference 
on Control and Automation (ICCA), pp 1609-1614. IEEE. 
Nepcon, 2017. Brazil timber risk profile. [Online] Available at 
https://www.nepcon.org/sourcinghub/timber/timber-brazil [Accessed 09 March 
2019]  
67 
 
Phairah, K.C., 2014. Operator work-related musculoskeletal discomfort during 
forwarding operations in South Africa: An ergonomic assessment. Masters. 
Pretoria: University of Pretoria. 
Phellas, C.N., Bloch, A. & Seale, C., 2011. Structured methods: interviews, 
questionnaires and observations. 
Polit, D.F, Beck, C.T. & Hungler, B.P., 2001. Essentials of nursing research: the 
methods, appraisal and utilization 5th Ed. Philadelphia: Lippincott  
Pulkki, R., 1997. Cut-to-length, tree length or full tree harvesting? Central woodlands 
1, pp 22-27. [Online]. Available at: http://flash.lakeheadu.ca/-
repulkki/logging.html. [Accessed 5 December 2018] 
Pulkki, R., 2008. Cut-to-length, tree length or full tree. [Online]. Available at:  
http://flash.lakeheadu.ca/~repulkki/ctl_ft.html [Accessed 15 August 2017] 
Ramantswana, R., McEwan, A., & Steenkamp, J., 2013. A comparison between 
excavator-based harvester productivity in coppiced and planted Eucalyptus 
grandis compartments in KwaZulu-Natal, South Africa. Southern Forests 75(4): 
pp 239-246. 
Ringdahl, O., 2011. Automation in forestry: development of unmanned forwarders. 
PhD. Sweden: Umea University 
Roberto, J., Anselmo, R., & Alexandre, R., 2007. Harvesting wood in Brazil. [Online] 
Available at: 
https://sites.google.com/site/forestryencyclopedia/Home/Harvesting%20Wood%
20in%20Brazil [Accessed 11 March 2019]  
Royal Swedish Academy of Agriculture and Forestry, 2015.  Forests and Forestry in 
Sweden: Historic background. [Pdf], Sweden. Available at: 
https://www.skogsstyrelsen.se/globalassets/in-english/forests-and-forestry-in-
sweden_2015.pdf [Accessed 07 October 2017] 
Roxby, G., 2015. Society for the protection of New Hampshire forests. Forestry 
research: whole-tree harvesting, [Online] Available at: [Accessed 15 October 
2018] 
68 
 
Russell, F.& Mortimer, D., 2005. A review of small-scale harvesting systems in use 
worldwide and their potential application in Irish forestry. CONFORD, Dublin.  
SA Forestry, 2016. Mechanisation brings big machines and local opportunities. SA 
Forestry Online.  
SA Forestry, 2015.  Mechanisation changing the face of forestry. SA Forestry online, 
18 March.  
SA Forestry, 2011. A job choice or last resort. SA Forestry online, 15 December.  
Saunders, C.J. & Jones, B.J., 2002.  Harvesting Machine Census 1999 & 2001: 
Technical Note. Forestry Commission.  
Silversides, C. R., (1997). Broad-axe to flying shear. The mechanization of forest 
harvesting east of the Rockies. In Transformation series 6. National museum of 
science and technology. Ottawa, Canada.  
Siniscalco, M.T., & Aurita, N., 2005, Questionnaire design: Module 8; Quantitative 
research methods in educational planning. 
Spinelli, R., Magagnotti, N., & Picchi, G., 2010. Deploying Mechanized Cut-to-Length 
Technology in Italy: Fleet Size, Annul Usage and Costs. 
Spinelli, R., & Magagnotti, N., 2011. The effects of introducing modern technology on 
the financial, labour and energy performance of forest operations in the Italian 
Alps. Forest Policy and Economics, 13(7), pp.520–524.  
Spinelli, R., Magagnotti, N., & Facchinetti, D., 2013. Logging Companies in the 
European mountain: an example from Italian Alps. England: Taylor & Francis.  
Spinelli R., P. Owende, & S. Ward. 2002. Productivity and cost of CTL harvesting of 
Eucalyptus globulus stands using excavator-based harvesters. Forest Products 
Journal. 52(1): 67-77. 
Statistics South Africa., 2014. Statistical Release: Mid-year population estimates.    
Pretoria South Africa.  
69 
 
Stanturf, J.A., & Zhanga, D., 2013. Plantations forests in the United States of America: 
past, present and future. [Online]. Available at: 
http://www.fao.org/docrep/article/wfc/xii/0325-b1.htm [Accessed 10 August 
2017]. 
Steenkamp, C.J., 2007. The effect of HIV/AIDS on the viability and management of 
forestry contracting businesses in South Africa. PhD. Port Elizabeth: Nelson 
Mandela Metropolitan University.  
Steyn, R., 2010. Focus on Forest Engineering: shift scheduling for mechanical 
harvesting operation. University of Stellenbosch. [Online] Available at: 
http://www.forestrysolutions.net/userfiles/Image/content/Focus%202010%20Pr
esentations/FOCUS%20presentation%20FESA%202010.pdf. [Accessed 5 
March 2018] 
TFT, 2016. Pulp & Paper Sourcing Country Profile: Canada. [Online]. Available at: 
http://www.tft-transparency.org/app/uploads/2016/02/Canada-Pulp-Paper-
Country-Profile.pdf [Accessed 17 July 2016]. 
Warkotsch, P.W., 1987. Harvesting of Pine and Eucalypt in South Africa. Proceedings 
of the Symposium on harvesting, transport ergonomics and safety in plantation 
forestry. Caritiba, Brazil, also South African Forestry Journal No. 147, Dec. 1988. 
Wellburn, G.V. & Kuhlberg, M., 2015. Historic Canada. Forest Harvesting, [Online]. 
Available at: http://www.thecanadianencyclopedia.ca/en/article/forest- 
[Accessed 20 June 2017] 
Westerberg, S., 2014. Semi-Automating forestry machines. PhD. Sweden: University 
of Umea 
Wilder Research, 2009. Analysing and interpreting data: Evaluation Resources from 
Wilder Research.  
William, C., 2007. Research methods. Journal of Business and Economic Research, 
[Online], Volume 5, Number 3. Available at: 
https://www.cluteinstitute.com/ojs/index.php/JBER/article/viewFile/2532/2578 
[Accessed 10 September 2017] 
70 
 
Wood Southern Africa and Timber Times (WSATT), 2013. Modernising and 
mechanisation in forestry and government’s perspective. South Africa: Ken 
Nortjie. 
Yuri, G. Anton, S. & Vladimir, S., 2013. Developments trends and Future Prospects of 
cut-to-length Machinery. Advanced Materials Research Vol. 705 pp. 468-473 
 
 
 
 
 
 
 
 
 
 
 
 
  
PLAGIARISM DECLARATION 
You need to know what plagiarism is, as the Nelson Mandela University does not 
tolerate this or any form of theft.  You may receive no marks for an assignment or be 
called to attend a disciplinary hearing if it is found that you have plagiarised all or part 
of an assignment.    
Please read and sign this declaration, then attach it to your assignment. 
_______________________________________________________________ 
Plagiarism is using someone else’s work, words or ideas and claiming them as your 
own.  To avoid being accused of plagiarism, all sources must be acknowledged by 
including in-text referencing and a detailed reference list in the document.  Any work 
not referenced is assumed to be the author’s own ideas.   
Forms of plagiarism include 
a) Copying the text word-for-word and not acknowledging your source. 
b) Starting a sentence using your own words, using someone else’s work to 
complete the sentence and not acknowledging your source. 
c) Rewriting someone else’s work/ideas in your own words and not 
acknowledging your source. 
d) Using the information in a graphic (for example: diagram, flow-chart, picture, 
photograph, graph), writing it up in your own words and not acknowledging 
your source. 
e) Creating a graphic from written information and not acknowledging your 
source. 
 
___________________________________________________________________ 
I HEREBY DECLARE THAT: 
1. I have read and understand the information on plagiarism outlined 
above.  
2. I have given in-text references (for example: Jones, 2006) for all 
quotations (whether direct quotations, paraphrasing or summaries) and 
all ideas I have borrowed from others.  
3. Where I have used the exact words of others (direct quotations), I have 
indicated this by the use of quotation marks. 
  
4. I have not allowed and will not allow anyone to plagiarise my work.  
Name: (Please print) _OUMA FLORAH MATHELELE (Student no: 212251465) 
Signed: ___    Date:  April 2019 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Annexure 1: Questionnaire for grower companies 
 
TECHNICAL SURVEY OF THE SOUTH AFRICAN HARVESTING MACHINE 
POPULATION QUESTIONNAIRE FOR GROWER COMPANIES 
This is a questionnaire to be completed by the identified forest harvesting manager or 
forest engineering expert/representative concerning their harvesting machine 
population.  
Please note the following 
• Your personal information and anonymity will be protected.  
• Participation is voluntary, so you can pull out any time from the research. 
• By providing us with information for the study, you are consenting to participate 
in the study. 
• By participating in this study, you consent to the use of the data for research 
purposes now and in future. 
• The information you provide is for academic purposes and could be re-used in 
future for comparative or longitudinal studies. 
• There is no right or wrong answer. 
• Not all questions will be applicable to your operations, only answer those 
questions which are applicable to your operations. 
• Please only fill in the comments section if you wish to give more detail on 
how specific machines are allocated and used. 
• Questions should be answered as accurately as possible for better 
analysis of data. 
• The questionnaire is directed to grower companies only, not to 
contractors. A separate questionnaire will be sent out specifically to 
contractors. 
• Please ensure that the questionnaire is completed within the given time 
frame to avoid delays in the completion of the research.  
• Completed questionnaires should be emailed: s212251465@nmmu.ac.za by 
the 27th of May 2017  
  
Questionnaire 
1. Back ground information 
Respondent’s name: 
Position: 
Name of contracting business: 
Province and region:  
 
2. The total planted area in ha 
ha 
 
3. Total number of own employees involved in harvesting and timber 
transport operations (excluding employees in management positions e.g. 
harvesting forester/managers) 
units 
 
4. What is the total number of contractors contracted to the company in 
harvesting and timber transport? 
 
5. The total volume harvested annually (specify if volume is in tonnes or m3): 
Hardwood: Eucalyptus  
Hardwood: Acacia 
 
Softwood: Pine 
 
 
6. Give the volume in thinning and clear-felling operations expressed as a 
percentage of the total volume harvested annually in each operation.  
  
Hardwood: Eucalyptus Thinning % 
 
Clear felling % 
 
Total 100% 
Hardwood: Acacia 
Thinning % 
 
Clear felling % 
 
Total  100% 
Softwood: Pine 
Thinning % 
 
Clear felling % 
 
Total  100% 
 
7. Give the number of harvesting systems1 used in each harvesting method2 
expressed as a percentage of the total volume harvested annually using 
each system.  
Harvesting 
method 
Harvesting 
system  
Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Total 
  Number  % Number  % Number % 100% 
 e.g. 1 45%   2 55%  
 
 
 
Semi-
mechanised 
(manual 
operations 
included) 
       
  
Cut to 
length3 
Fully 
mechanised  
       
 
 
 
Tree 
length4 
Semi-
mechanised 
(manual 
operations 
included) 
       
Fully 
mechanised 
       
 
 
Full tree5  
Semi-
mechanised 
(manual 
included) 
       
Fully 
mechanised 
       
Comments: 
 
 
1. Harvesting method: refers to the form in which timber is delivered to the roadside  
2. Harvesting system: comprises the tools, equipment and machines used to harvest an area. 
3. Cut to length: tree is felled, debranched, topped, crosscut and topped in the compartment. The round wood assortments are 
extracted to the roadside. 
4. Tree length: the tree is felled, debranched and topped in the compartment and only bole is extracted to roadside  
5. Full tree: the tree is felled at an acceptable stump height and all biomass above stump and the stump are transported to 
roadside. 
  
7. This question is attempting to determine the exact number of machines in 
your harvesting fleet and also to provide a breakdown according to whether 
the machines are used in Eucalyptus, Acacia and Pine.  
7.1  Give the number of felling machines used in your operation broken down into 
the type of felling machine used (e.g. Chainsaw) and indicate whether machines are 
used in Eucalyptus, Acacia and Pine. The example applies to all questions in 
question 7. 
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age 
of machine in 
years6 
 Number  Number Number  
e.g. 4 2 3 3 
Chainsaws 
(include 
chainsaws 
used for 
processing) 
    
Feller 
buncher 
    
Harvester     
Other:     
Specify     
  
     
     
     
Comments: 
 
Average age of machines is calculated = total years of machines divided by number of machines 
e.g.  Age of the first harvester is 3, second harvester is 4 and third harvester is 4. The average age will 
be 3+4+4 =11 divided by 3 =3.6 which is 4 years 
7.2  Give the number of extraction machines used in your operation broken down 
into the type of extraction machine used (e.g. Cable skidder) and indicate whether 
machines are used in Eucalyptus, Acacia and Pine 
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age of 
machines in years 
 Number Number Number  
Manual     
Animals     
Agriculture 
tractor (A 
frame) 
    
  
Agriculture 
tractor using 
a winch 
    
Self-loading 
agriculture 
tractor 
    
Self-loading 
articulated 
dump truck 
    
Articulated 
truck with 
piggy back 
system 
    
Grapple 
skidder 
    
Cable skidder     
Forwarder     
Skyline cable 
yarder 
    
High lead 
cable yarder 
    
Chutes     
  
Other: 
(Specify) 
    
     
     
     
     
Comments: 
 
7.3  Give the number of processing machines used in your operation broken down 
into the type of processing machine used (e.g. processor head) and indicate whether 
machines are used in Eucalyptus, Acacia and Pine.  
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age 
of machines 
in years 
 Number Number Number  
Processing 
head 
    
Static 
delimber 
    
  
Manual 
debarking 
    
Debarking 
head 
    
Chain flail 
debarker 
    
Static ring 
debarker 
    
Mobile ring 
debarker 
    
Slasher deck     
Other: 
(Specify) 
    
     
     
     
     
     
  
Comments: 
 
7.4 Give the number of loading machines used in your operation broken down 
into the type of processing machine used (e.g. 3 wheeled loader) and indicate whether 
machines are used in Eucalyptus, Acacia and Pine 
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age of 
machines in 
years 
 Number Number Number  
Manual      
3-wheeled 
loader  
    
4x4 articulated 
loader 
    
4x4 none 
articulated 
loader  
    
Vehicle mounted 
knuckle boom 
loaders  
    
  
Excavator 
loader 
    
Other: 
(Specify) 
    
     
     
     
Comments:  
 
 
 
8. What is the total volume transported annually (answer only if volume 
harvested is not the same as the volume transported and specify if 
volume is in m3 or tonnes) 
Hardwood: Eucalyptus  
Hardwood: Acacia 
 
Softwood: Pine 
 
 
9.  Give the number of timber trucks available per configuration and volume 
(specify if volume is in m3 or tonnes) transported by each truck for each 
genus annually (refer to the table below for examples of visual truck 
configurations). 
  
Truck type Number of 
trucks 
Volume transported per genus 
  Hardwood: 
Eucalyptus 
Hardwood: 
Acacia 
Softwood: Pine 
e.g. 3 150 000m3 50 000m3  
Freight/Rigid 
4x2 truck 
    
Freight/Rigid 
4x4 truck 
    
Freight/Rigid 
6x4 truck 
    
Freight/Rigid 
8x4 truck 
    
Inter-link truck 
with 2 semi-
trailers 
    
Freight/Rigid 
truck with 2 axle 
drawbar trailer 
    
Freight/Rigid 
truck with 3 axle 
drawbar trailer 
    
  
Freight/Rigid 
truck with 4 axle 
drawbar trailer 
    
Freight/Rigid 
truck with 5 axle 
drawbar trailer 
    
     
     
     
     
Comments: 
 
 
 
10.  General comments 
 
  
 
  
Annexure 2:  Questionnaire for harvesting and transport contractors 
TECHNICAL SURVEY OF THE SOUTH AFRICAN HARVESTING MACHINE 
POPULATION QUESTIONNAIRE FOR CONTRACTORS 
This is a questionnaire to be completed by the identified forest harvesting contractor’s 
manager or forest engineering expert or representative concerning their harvesting 
machine population.  
Please note the following 
• Your personal information and anonymity will be protected 
• Participation is voluntary, so you can pull out any time from the research. 
• By providing us with information for the study, you are consenting to participate 
in the study. 
• By participating in this study, you consent to the use of the data for research 
purposes now and in future. 
• The information you provide is for academic purposes and could be re-used in 
future for comparative or longitudinal studies. 
• There is no right or wrong answer. 
• Not all questions will be applicable to your operations, only answer those 
questions which are applicable to your operations. 
• Please only fill in the comments section if you wish to give more detail on 
how specific machines are allocated and used. 
• Questions should be answered as accurately as possible for better 
analysis of data. 
• The questionnaire is directed to contractors only, not to grower 
companies. A separate questionnaire will be sent out specifically to 
grower companies. 
• Please ensure that the questionnaire is completed within the given time 
frame to avoid delays in the completion of the research. 
• Completed questionnaires should be emailed: s212251465@nmmu.ac.za by 
the 27th of May 2017 
 
 
  
Questionnaire 
1. Back ground information 
Respondent’s name: 
Position: 
Name of contracting business: 
Province and region:  
2. Which grower companies are you contracting for 
 
3. The total number of employees employed by contractor in harvesting 
operations 
 
units 
 
4. The total volume harvested annually by the contractor (specify if volume 
is in tonnes or m3): 
Hardwood: Eucalyptus  
Hardwood: Acacia 
 
Softwood: Pine 
 
 
5. Give the volume in thinning and clear-felling operations expressed as a 
percentage of the total volume harvested annually in each operation.  
Hardwood: Eucalyptus Thinning % 
 
Clear felling % 
 
Total 100% 
Hardwood: Acacia 
Thinning % 
  
 
Clear felling % 
 
Total  100% 
Softwood: Pine 
Thinning % 
 
Clear felling % 
 
Total  100% 
 
6. Give the number of harvesting systems1 used in each harvesting method2 
expressed as a percentage of the total volume harvested annually using 
each system.  
Harvesting 
method 
Harvesting 
system  
Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Total 
  Number  % Number  % Number % 100% 
 e.g. 1 45%   2 55%  
 
 
 
Cut to 
length3 
Semi-
mechanised 
(manual 
operations 
included) 
       
Fully 
mechanised  
       
 
 
Semi-
mechanised 
(manual 
       
  
 
Tree 
length4 
operations 
included) 
Fully 
mechanised 
       
 
 
Full tree5  
Semi-
mechanised 
(manual 
included) 
       
Fully 
mechanised 
       
Comments: 
 
 
 
1. Harvesting method: refers to the form in which timber is delivered to the roadside  
2. Harvesting system: comprises the tools, equipment and machines used to harvest an area. 
3. Cut to length: tree is felled, debranched, topped, crosscut and topped in the compartment. The round wood assortments are 
extracted to the roadside. 
4. Tree length: the tree is felled, debranched and topped in the compartment and only bole is extracted to roadside  
5. Full tree: the tree is felled at an acceptable stump height and all biomass above stump and the stump are transported to 
roadside. 
7. This question is attempting to determine the exact number of machines in 
your harvesting fleet and provide a breakdown according to whether the 
machines are used in Eucalyptus, Acacia and Pine.  
7.1  Give the number of felling machines used in your operation broken down into 
the type of felling machine used (e.g. Chainsaw) and indicate whether machines are 
used in Eucalyptus, Acacia and Pine. The example applies to all questions in 
question 7. 
  
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age 
of machine in 
years6 
 Number  Number Number  
e.g. 4 2 3 3 
Chainsaws 
(include 
chainsaws 
used for 
processing) 
    
Feller 
buncher 
    
Harvester     
Other:     
Specify     
     
     
     
Comments: 
  
 
Average age of machines is calculated = total years of machines divided by number of machines 
e.g.  Age of the first harvester is 3, second harvester is 4 and third harvester is 4. The average age will 
be 3+4+4 =11 divided by 3 =3.6 which is 4 years 
7.2  Give the number of extraction machines used in your operation broken down 
into the type of extraction machine used (e.g. Cable skidder) and indicate whether 
machines are used in Eucalyptus, Acacia and Pine 
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age of 
machines in years 
 Number Number Number  
Manual     
Animals     
Agriculture 
tractor (A 
frame) 
    
Agriculture 
tractor using 
a winch 
    
Self-loading 
agriculture 
tractor 
    
  
Self-loading 
articulated 
dump truck 
    
Articulated 
truck with 
piggy back 
system 
    
Grapple 
skidder 
    
Cable skidder     
Forwarder     
Skyline cable 
yarder 
    
High lead 
cable yarder 
    
Chutes     
Other: 
(Specify) 
    
     
     
  
     
     
Comments 
 
7.3  Give the number of processing machines used in your operation broken down 
into the type of processing machine used (e.g. processor head) and indicate whether 
machines are used in Eucalyptus, Acacia and Pine.  
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age 
of machines 
in years 
 Number Number Number  
Processing 
head 
    
Static 
delimber 
    
Manual 
debarking 
    
Debarking 
head 
    
  
Chain flail 
debarker 
    
Static ring 
debarker 
    
Mobile ring 
debarker 
    
Slasher deck     
Other: 
(Specify) 
    
     
     
     
     
     
Comments: 
 
7.4 Give the number of loading machines used in your operation broken down 
into the type of processing machine used (e.g. 3 wheeled loader) and indicate whether 
machines are used in Eucalyptus, Acacia and Pine 
  
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age of 
machines in 
years 
 Number Number Number  
Manual      
3-wheeled 
loader  
    
4x4 articulated 
loader 
    
4x4 none 
articulated 
loader  
    
Vehicle mounted 
knuckle boom 
loaders  
    
Excavator 
loader 
    
Other: 
(Specify) 
    
     
     
  
     
Comments:  
 
 
 
7. What is the total volume transported annually (answer only if volume 
harvested is not the same as the volume transported and specify if 
volume is in m3 or tonnes) 
 
Hardwood: Eucalyptus  
Hardwood: Acacia 
 
Softwood: Pine 
 
 
8.  Give the number of timber trucks available per configuration and volume 
(specify if volume is in m3 or tonnes) transported by each truck for each 
genus annually (refer to the table below for examples of visual truck 
configurations). 
Truck type Number of 
trucks 
Volume transported per genus 
  Hardwood: 
Eucalyptus 
Hardwood: 
Acacia 
Softwood: Pine 
e.g. 3 150 000m3 50 000m3  
  
Freight/Rigid 
4x2 truck 
    
Freight/Rigid 
4x4 truck 
    
Freight/Rigid 
6x4 truck 
    
Freight/Rigid 
8x4 truck 
    
Inter-link truck 
with 2 semi-
trailers 
    
Freight/Rigid 
truck with 2 axle 
drawbar trailer 
    
Freight/Rigid 
truck with 3 axle 
drawbar trailer 
    
Freight/Rigid 
truck with 4 axle 
drawbar trailer 
    
Freight/Rigid 
truck with 5 axle 
drawbar trailer 
    
  
     
     
     
     
Comments: 
 
 
 
9.  General comments 
 
 
  
 
  
Annexure 3: Questionnaire for small-scale growers 
 
TECHNICAL SURVEY OF THE SOUTH AFRICAN HARVESTING MACHINE 
POPULATION QUESTIONNAIRE FOR SMALL-SCALE TIMBER GROWERS/ 
EMMERGING FARMERS 
This is a questionnaire to be completed by the identified Small-scale timber grower 
representative/ manager or forest engineering expert or any relevant representative 
concerning their harvesting machine and labour population.  
Please note the following 
• Participation is voluntary, so you can pull out any time from the research. 
• Your personal information and anonymity will be protected 
• By providing us with information for the study, you are consenting to participate 
in the study. 
• By participating in this study, you consent to the use of the data for research 
purposes now and in future. 
• The information you provide is for academic purposes and could be re-used in 
future for comparative or longitudinal studies. 
• There is no right or wrong answer. 
• Not all questions will be applicable to your operations, only answer those 
questions which are applicable to your operations. 
• Please only fill in the comments section if you wish to give more detail on how 
specific machines are allocated and used. 
• Questions should be answered as accurately as possible for better analysis of 
data. 
• The questionnaire is directed to contractors only, not to grower companies. A 
separate questionnaire will be sent out specifically to grower companies. 
• Please ensure that the questionnaire is completed within the given time frame 
to avoid delays in the completion of the research.  
• Completed questionnaires should be emailed: s212251465@nmmu.ac.za by 
the (date) 
  
Questionnaire 
10. Back ground information 
Respondent’s name:  
Position:  
Name of business:  
Province:  
Total area afforested: 
11. Which grower companies are you contracting for or supplying 
 
12. The total number of employees employed by small-scale timber grower 
or emerging  farmer in harvesting operations 
 
units 
 
13. The total volume harvested annually by the small-scale timber grower 
(specify if volume is in tonnes or m3): 
Hardwood: Eucalyptus  
Hardwood: Acacia 
 
Softwood: Pine 
 
 
14. Give the volume in thinning and clear felling operations expressed as a 
percentage of the total volume harvested annually in each operation.  
Hardwood: Eucalyptus Thinning % 
 
Clear felling % 
 
Total 100% 
  
Hardwood: Acacia 
Thinning % 
 
Clear felling % 
 
Total  100% 
Softwood: Pine 
Thinning % 
 
Clear felling % 
 
Total  100% 
 
15. Give the number of harvesting systems1 used in each harvesting method2 
expressed as a percentage of the total volume harvested annually using 
each system.  
Harvesting 
method 
Harvesting 
system  
Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Total 
  Number  % Number  % Number % 100% 
 e.g. 1 45%   2 55%  
 
 
 
Cut to 
length3 
Semi-
mechanised 
(manual 
operations 
included) 
       
Fully 
mechanised  
       
  
 
 
 
Tree 
length4 
Semi-
mechanised 
(manual 
operations 
included) 
       
Fully 
mechanised 
       
 
 
Full tree5  
Semi-
mechanised 
(manual 
included) 
       
Fully 
mechanised 
       
Comments: 
 
 
 
1. Harvesting method: refers to the form in which timber is delivered to the roadside  
2. Harvesting system: comprises the tools, equipment and machines used to harvest an area. 
3. Cut to length: tree is felled, debranched, topped, crosscut and topped in the compartment. The round wood assortments are 
extracted to the roadside. 
4. Tree length: the tree is felled, debranched and topped in the compartment and only bole is extracted to roadside  
5. Full tree: the tree is felled at an acceptable stump height and all biomass above stump and the stump are transported to 
roadside. 
 
7. This question is attempting to determine the exact number of machines in 
your harvesting fleet and provide a breakdown according to whether the 
machines are used in Eucalyptus, Acacia and Pine.  
  
7.1  Give the number of felling machines used in your operation broken down into 
the type of felling machine used (e.g. Chainsaw) and indicate whether machines are 
used in Eucalyptus, Acacia and Pine. The example applies to all questions in 
question 7. 
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age 
of machine in 
years6 
 Number  Number Number  
e.g. 4 2 3 3 
Chainsaws 
(include 
chainsaws 
used for 
processing) 
    
Feller 
buncher 
    
Harvester     
Other:     
Specify     
     
     
  
     
Comments: 
 
Average age of machines is calculated = total years of machines divided by number of machines 
e.g.  Age of the first harvester is 3, second harvester is 4 and third harvester is 4. The average age will 
be 3+4+4 =11 divided by 3 =3.6 which is 4 years 
7.2  Give the number of extraction machines used in your operation broken down 
into the type of extraction machine used (e.g. Cable skidder) and indicate whether 
machines are used in Eucalyptus, Acacia and Pine 
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age of 
machines in years 
 Number Number Number  
Manual     
Animals     
Agriculture 
tractor (A 
frame) 
    
Agriculture 
tractor using 
a winch 
    
  
Self-loading 
agriculture 
tractor 
    
Self-loading 
articulated 
dump truck 
    
Articulated 
truck with 
piggy back 
system 
    
Grapple 
skidder 
    
Cable skidder     
Forwarder     
Skyline cable 
yarder 
    
High lead 
cable yarder 
    
Chutes     
Other: 
(Specify) 
    
  
     
     
     
     
Comments:  
 
7.3  Give the number of processing machines used in your operation broken down 
into the type of processing machine used (e.g. processor head) and indicate whether 
machines are used in Eucalyptus, Acacia and Pine.  
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age 
of machines 
in years 
 Number Number Number  
Processing 
head 
    
Static 
delimber 
    
Manual 
debarking 
    
  
Debarking 
head 
    
Chain flail 
debarker 
    
Static ring 
debarker 
    
Mobile ring 
debarker 
    
Slasher deck     
Other: 
(Specify) 
    
     
     
     
     
     
Comments:  
 
  
7.4 Give the number of loading machines used in your operation broken down 
into the type of processing machine used (e.g. 3 wheeled loader) and indicate whether 
machines are used in Eucalyptus, Acacia and Pine 
Equipment Hardwood 
Eucalyptus 
Hardwood 
Acacia 
Softwood 
Pine 
Average age of 
machines in 
years 
 Number Number Number  
Manual      
3-wheeled 
loader  
    
4x4 articulated 
loader 
    
4x4 none 
articulated 
loader  
    
Vehicle mounted 
knuckle boom 
loaders  
    
Excavator 
loader 
    
Other: 
(Specify) 
    
  
     
     
     
Comments:  
 
 
16. What is the total volume transported annually (answer only if volume 
harvested is not the same as the volume transported and specify if 
volume is in m3 or tonnes) 
 
Hardwood: Eucalyptus  
Hardwood: Acacia 
 
Softwood: Pine 
 
 
17.  Give the number of timber trucks available per configuration and volume 
(specify if volume is in m3 or tonnes) transported by each truck for each 
genus annually (refer to the table below for examples of visual truck 
configurations). 
Truck type Number of 
trucks 
Volume transported per genus 
  Hardwood: 
Eucalyptus 
Hardwood: 
Acacia 
Softwood: Pine 
  
e.g. 3 150 000m3 50 000m3  
Freight/Rigid 
4x2 truck 
    
Freight/Rigid 
4x4 truck 
    
Freight/Rigid 
6x4 truck 
    
Freight/Rigid 
8x4 truck 
    
Inter-link truck 
with 2 semi-
trailers 
    
Freight/Rigid 
truck with 2 axle 
drawbar trailer 
    
Freight/Rigid 
truck with 3 axle 
drawbar trailer 
    
Freight/Rigid 
truck with 4 axle 
drawbar trailer 
    
  
Freight/Rigid 
truck with 5 axle 
drawbar trailer 
    
     
     
     
     
Comments:  
 
18.  General comments 
 
 
  
  
Annexure 4: Oral information given to participants on the telephone before they 
agree or disagree to be part of the survey 
Hello, you are speaking to Flora Mathelele from Saasveld, George Campus. I am 
studying towards a master’s degree in Forest Engineering at the Nelson Mandela 
Metropolitan University and I am working with Andrew McEwan and Michal Brink. I got 
your contact details from the CEO of SAFCA, Jaap Steenkamp.  
I am calling to ask for your participation in a survey of harvesting machines used in 
forest operations by filling out a questionnaire which I will send to you via the email 
shortly after this phone call. Once the study is complete, information will be available 
through articles in forestry magazine, field day presentations and the actual thesis 
itself.  
Your participation is voluntary, and you can withdraw from the study at any time. Your 
personal information will be protected, and anonymity ensured. The data obtained 
from this study will be reused for comparative or longitudinal studies in future. By 
participating in this study, you consent to have the data reused in future.   
A new survey is due in the industry; it’s been 9 years since the last technical survey 
was carried out.  Please note that the outcomes of the study will be made available to 
the industry. I will be conducting a survey on harvesting machines used in forest 
operations with the aim of determining  
1. The total number of harvesting machines in South Africa 
2. The most common and preferred harvesting systems and methods 
3. The total volume harvested by each system and method 
4. Lastly to quantify the overall extent of mechanisation in the South African forestry 
industry 
 
 
 
 
 
  
Annexure 5: Interview questions  
• How long have you been in the contracting business? 
• How have your systems changed over time? 
• What harvesting systems (manual, semi manual, semi mechanised, fully 
mechanised) are you using currently and why 
• What harvesting methods (CTL, FT, TL) are you using currently and why 
• What are the drivers of mechanisations (when you are mechanising)/what are 
the reasons you not mechanising (when not mechanising) 
• Do you think grower companies will go back to insourcing operations and why? 
• What are the future plans regarding your harvesting operations 
 
Additional questions for grower companies 
• Are operations in-house or outsourced and why 
• Will the company continue with in-house/outsourced operations and why? 
 
Transporting contractors   
• How long have you been in business? 
• How have the truck configurations changed overtime? 
• What truck configurations are currently used and why 
• What affects the choice of truck configuration 
• What other truck configurations are you planning on exploring 
 
 
 
 
 
 
 
 
 
 
 
  
Annexure 6: Findings from interviews 
The following discussion is findings from the interviews conducted. Interviewees were 
from the three target groups; grower companies, harvesting and transport contractors 
and small growers.  In total, 20 participants from the three target groups were 
interviewed, 65% were contractors and 30% grower companies. The remaining 5% 
was a small grower representative. The interviewees were from Mpumalanga and 
KwaZulu-Natal provinces.   
The mean number of years in experience in forestry of participants was 15 years. The 
pool of participants was made up of contractor managers and harvesting specialists 
for grower companies. With the small growers, one small grower scheme 
representative was interviewed.  
The interviews covered the preferred harvesting systems and methods, drivers of 
mechanisation in the industry, truck configurations used in transporting operations and 
the views of interviewees on the outsourcing and insourcing of harvesting operations. 
Harvesting method and systems  
The results show that harvesting operations are either manual, semi-mechanised or 
fully-mechanised. About 30% of the contractors have indicated that the choice of 
harvesting system is influenced by the company’s policies and directives. The grower 
companies are adhering to the modernisation concept, which brings about a change 
in the systems used by contractors. Other factors influencing the system choice were 
identified as volume, the product, terrain and slope.  
Table 4.4 shows machine combinations frequently used within the harvesting systems. 
There was 55% of contractors and 50% of companies using CTL fully-mechanised 
systems. These handle large amounts of volumes and work in terrain that is easily 
accessible by machines. Both contractors and grower companies, however, tend to 
use semi-mechanised or manual harvesting systems should the terrain and slope be 
a limiting factor for these machines. Manual operations still exist because contractors 
believe that there will always be a need for manual labour. Only 18% of the contractors 
indicated that they have been working with the same people for several years and to 
retrench would be difficult. Others have indicated that using machines on some 
  
products results in log surface damage, for instance, pole processing; manual 
debarking is used instead of mechanical debarking as it is aggressive when debarking.   
Table 1: Harvesting systems and machine combinations. 
 System Type Equipment combination 
 Felling Processing Extraction 
Fully-mechanised Harvester Self-loading forwarder / 
tractor trailer 
Feller Buncher Processor / Chainsaw Grapple Skidder 
Semi-mechanised Chainsaw grapple / cable 
skidder/ ADT/ Dezzy/ 
tractor 
trailer / excavator-based 
yarder / three-wheel logger 
Motor manual  Chainsaw  Manual Hand rolling 
 
The most prevalent harvesting method identified among the companies and 
contractors was the CTL method. At least 85% of the interviewees were using the CTL 
method either as the only system or in combination with another system. Historically, 
this method has always been preferred and according to the results, this is mainly 
influenced by the market requirements. The tree length method was the second 
popular among the interviewees, 25% at most was using the system. Five per cent 
(5%) of the timber volume is harvested using the full tree method.  
Harvesting operations conducted by small-scale timber growers are mainly motor 
manual due to volume and capital. According to the results, small growers work with 
what they have when it comes to the harvesting and transporting of timber. Small 
growers exist in communities where, in some instances, harvesting equipment was 
borrowed and used by more than one grower. Russel and Mortimer (2005) state that 
small growers use hand tools for harvesting purposes. The chainsaws were dominant 
in felling and crosscutting operations. Debarking and stacking of timber were carried 
out manually. Agriculture tractors were used for extraction and on steep slopes, logs 
are rolled. Timber is mainly loaded by hand, and the loading machines are rarely used.  
  
Drivers of mechanisation 
In the context of the mechanisation of harvesting operations in South Africa, the 
interviews revealed that several companies and contractors have shifted from using 
people to machines. Various reasons for the shift from manual labour to machines are 
identified and briefly discussed in this section.  
• Safety and health  
Health and safety management was a critical element in the context of felling and 
processing operations, and even more so when people are involved. Safety was 
identified as a significant driver of mechanisation having been mentioned by many of 
the interviewees. Having more people infield increases the risk of exposure to hazards 
that could potentially cause injuries and even fatalities. Regarding basic safety 
management, the first step in dealing with a safety hazard was to eliminate it. In the 
case of mechanising harvesting operations, one was eliminating the exposure of 
workers to hazardous situations, which will affect their health. This includes immediate 
hazards such as injury from sharp tools to long-term hazards such as muscular-
skeletal damage caused by exposure to repetitive heavy work such as felling with 
chainsaws and axes. Bringing in machines reduces the number of people and the 
chances of injuries.  
• Ergonomics 
Forest operations are known to be strenuous and physically demanding, harvesting 
operations are not an exception. Manual labour is often exposed to uncomfortable 
working positions for extended periods in some operations. Such operations include 
manual extraction by hand-rolling and manual stacking. The introduction of machines 
reduces and eases labourers from the risk of poor ergonomic postures at work, which 
could have a long-term impact on their physical health.  
• Production/productivity 
There was no significant difference in the rate of having machines against people 
infield; the difference was the productivity. Labour was more productive early in the 
morning; the production tends to decrease as the day progresses. With machines, 
production can be low when the operator was still learning how the machine works; 
  
once that phase is over, production tends to increase. The harvesting machines are 
more profitable and consistent compared to manual labour working for the same rate.  
• Operational costs 
There are hidden costs that come with labour excluding salary; such as transport, 
accommodation, PPE and training. These costs apply to every working team. 
Contractors with labour mentioned that removing labour-oriented operations can make 
it possible to mechanise operations and reduce operational costs; however, there is 
always a need for manual labour; therefore, it is kept and used when working on steep 
areas. 
• Labour issues 
The identified labour issues were incompetency, willingness and availability, turnover 
and absenteeism due to sickness and grant collection. All these issues have a 
negative impact on production; hence, daily volume targets end up not being met. 
Using machines for harvesting purposes reduces the incidences of such nature. 
• Company trend 
Contractors contracting for some of the big companies mentioned that initially, their 
operations were manual to semi-mechanised. Then companies prescribed 
mechanised operations with the aim of reducing the number of people on the ground, 
improving the decency of the workplace and address other operational related issues.  
• Terrain 
About 60% of contractors mentioned terrain coupled with enough volume as a driver 
towards mechanisation. Accessibility of timber and manoeuvrability of harvesting 
machines on flatter terrain is efficient and easier compared to steeper slopes.  
Timber trucks   
The transportation of timber takes place on either road or rail. Road transport was the 
most common and rail was sparsely used. A large portion of timber volume was moved 
by road transport compared to rail transport. Majority of these timber trucks are 
contractor owned. According to Krieg (2012), the configurations of the trucks were 
  
mostly affected by the product transported. Trucks transporting longer lengths will be 
configured differently from trucks loading shorter lengths.  
A variety of truck configurations were used with the rigid draw bar in shorter leads. The 
rigid and draw bar configuration is preferred because of its ease to manoeuvre on 
forest roads with sharp turns and uneven terrain.  Furthermore, it has stability with 
reduced tar, which allows for a high payload, unlike the interlink truck configuration, 
which has poor traction and cuts sharp corners. Another preferred truck configuration 
was the PBS truck (22 meters long) in longer leads. This type of truck configuration, 
however, is road-specific and needs a permit to travel on national and arterial roads.  
The truck has a high payload, thus, fewer trips and fewer trucks on the road (Coetzee 
personal communication, 2018).  
Railway transport might have a future in South Africa; 10% of the corporates indicated 
the possibility of having more timber moved by rail; however, this transition will not 
happen overnight. There needs to be a redevelopment of existing and development of 
new railway infrastructure. Railway transport in certain instances is cheaper than using 
the PBS trucks, specifically where large volumes are moved over longer lead 
distances.  Currently, rail is used in the Northern coastal region and in Mpumalanga.  
The majority depends on contractors for transportation of timber to the mill. The grower 
does not employ the transporting contractors but works with the grower schemes. 
There is no contract between the contractor and the grower scheme. Small growers 
indicate to the scheme whenever transport is needed, and the contractor goes and 
transports the timber to the mill for the grower. The timber truck identified was a 10- 
or 15-ton truck to transport timber to the mill.  
Outsourcing and insourcing of harvesting operations 
In the South African forestry industry, forest operations were initially carried out by 
labour employed by forestry companies. Only between the early 1990s and 2002s, 
most of the forest operations were outsourced to contractors. This change had a 
negative impact on the industry. There was a decrease in productivity due to labour-
related issues. Some of the forest companies, however, have recently decided to 
directly employ labour and insource their operations (SA Forestry, 2011).  
  
The major corporate forestry companies in the forest industry were interviewed. These 
forestry companies consisted of companies with purely outsourced operations, some 
who are insourced and others with a combination of both. The small growers, 
harvesting and transport contractors in forestry were also interviewed. 
The results show that 50% of the grower companies with outsourced operations, in 
general, do not have a long-term objective of insourcing their operations. The primary 
reasons for this include the risk associated with carrying multi-million-rand worth of 
capital equipment, lack of in-house technical expertise to directly manage operations 
and to avoid direct responsibility on strict labour related legislation.   
About 30% of the grower companies have a desire to insource at least one operation 
in each system. These companies believe this would assist bridging the gap between 
the contractor and company, keep track of operational cost and provide an objective 
basis for benchmarking. Companies with insourced operations were planning to keep 
operations in-house with an exception of steep areas.  
The companies with insourced operations feel that they have the financial means to 
purchase and ensure full serviceability of own equipment. This then minimised 
constant breakdowns, especially toward the end of the contract and subsequently 
keep operational costs down. These companies were confident that if technical skills 
were kept in-house, they were more able to upskill general labours to machine 
operators and had better control to modernise, enhance productivity and quality 
management. 
 
 
 
 
 
 
 
  
Annexure 7: Total machines surveyed per target group per province 
 
GROWER COMPANY DATA 
Mpumalanga data 
Table 1: Total number of felling machines sampled in Mpumalanga 
Chainsaw 194 
Feller buncher 1 
Harvester 10 
 
Table 2: Total number of extraction machines sampled in Mpumalanga  
Manual 2 
Animals 1 
Agricultural tractor (A-frame) 0 
Agricultural tractor with winch 13 
Self-loading agricultural 
tractor 9 
Self-loading articulated dump 1 
Articulated with excavator 
loading 0 
Grapple skidder 12 
Cable skidder 5 
Clambunk skidder 0 
Forwarder 7 
Skyline cable 0 
High lead 4 
3 wheel loader 0 
Tractor trailer 0 
Articulated with piggy back 
system 0 
Shovel yarder 0 
 
Table 3: Total number of processing machines sampled in Mpumalanga 
Processing head 4 
Static delimber 0 
Manual debarker 65 
Debarker head 0 
Chain frail debarker 0 
Static ring debarker 0 
Mobile ring debarker 0 
Slash deck 0 
 
  
Table 4: Total number of loading machines sampled in Mpumalanga 
Manual 0 
3 wheel loader 58 
4x4 articulated 4 
4x4 non-articulated 0 
Vehicle mounted knuckle 
boom 0 
Excavator 6 
 
KwaZulu-Natal data 
Table 5: Total number of felling machines sampled in KwaZulu-Natal 
Chainsaw 76 
Feller buncher 1 
Harvester 3 
 
Table 6: Total number of extraction machines sampled in KwaZulu-Natal 
Manual 10 
Animals 0 
Agricultural tractor (A-frame) 1 
Agricultural tractor with winch 4 
Self-loading agricultural 
tractor 7 
Self-loading articulated dump 0 
Articulated with excavator 
loading 0 
Grapple skidder 4 
Cable skidder 6 
Clambunk skidder 0 
Forwarder 2 
Skyline cable 0 
High lead 5 
3 wheel loader 1 
Tractor trailer 1 
Articulated with piggy back 
system 0 
Shovel yarder 0 
 
Table 7: Total number of processing machines sampled in KwaZulu-Natal 
Processing head 5 
Static delimber 0 
Manual debarker 70 
Debarker head 0 
  
Chain frail 
debarker 0 
Static ring 
debarker 0 
Mobile ring 
debarker 0 
Slash deck 0 
 
Table 8: Total number of loading machines sampled in KwaZulu-Natal 
Manual 4 
3 wheel loader 27 
4x4 articulated 0 
4x4 non-articulated 0 
Vehicle mounted knuckle 
boom 0 
Excavator 4 
 
Western Cape data 
Table 9: Total number of felling machines sampled in Western Cape 
Chainsaw 113 
Feller buncher 2 
Harvester 4 
 
Table 10: Total number of extraction machines sampled in Western Cape 
Manual 0 
Animals 6 
Agricultural tractor (A-frame) 15 
Agricultural tractor with winch 2 
Self-loading agricultural 
tractor 0 
Self-loading articulated dump 0 
Articulated with excavator 
loading 0 
Grapple skidder 5 
Cable skidder 14 
Clambunk skidder 0 
Forwarder 3 
Skyline cable 0 
High lead 13 
3 wheel loader 0 
Tractor trailer 0 
Articulated with piggy back 
system 0 
  
Shovel yarder 0 
 
Table 11: Total number of processing machines sampled in Western Cape  
Processing head 2 
Static delimber 0 
Manual debarker 0 
Debarker head 0 
Chain frail 
debarker 0 
Static ring 
debarker 0 
Mobile ring 
debarker 0 
Slash deck 21 
 
Table 12: Total number of loading machines sampled in Western Cape 
Manual 0 
3 wheel loader 17 
4x4 articulated 0 
4x4 non-articulated 0 
Vehicle mounted knuckle 
boom 0 
Excavator 0 
 
Eastern Cape data 
Table 13: Total number of felling machines sampled in Eastern Cape 
Chainsaw 37 
Feller 
buncher 0 
Harvester 2 
 
Table 14: Total number of extraction machines sampled in Eastern Cape 
Manual 0 
Animals 0 
Agricultural tractor (A-frame) 12 
Agricultural tractor with winch 0 
Self-loading agricultural 
tractor 0 
Self-loading articulated dump 0 
Articulated with excavator 
loading 0 
Grapple skidder 0 
  
Cable skidder 5 
Clambunk skidder 0 
Forwarder 5 
Skyline cable 1 
High lead 0 
3 wheel loader 0 
Tractor trailer 0 
Articulated with piggy back 
system 0 
Shovel yarder 0 
 
Table 15: Total number of processing machines sampled in Eastern Cape 
Processing head 2 
Static delimber 0 
Manual debarker 0 
Debarker head 1 
Chain frail debarker 0 
Static ring debarker 0 
Mobile ring debarker 0 
Slash deck 0 
 
Table 16: Total number of loading machines sampled in Eastern Cape 
Manual 0 
3 wheel loader 15 
4x4 articulated 0 
4x4 non-articulated 0 
Vehicle mounted knuckle 
boom 3 
Excavator 0 
 
Limpopo data  
Table 17: Total number of felling machines surveyed in Limpopo 
Chainsaw 18 
Feller 
buncher 0 
Harvester 0 
 
 
 
Table 18: Total number of extracting machines surveyed in Limpopo 
Manual 0 
  
Animals 0 
Agricultural tractor (A-frame) 0 
Agricultural tractor with winch 2 
Self-loading agricultural 
tractor 0 
Self-loading articulated dump 0 
Articulated with excavator 
loading 0 
Grapple skidder 0 
Cable skidder 3 
Clambunk skidder 0 
Forwarder 0 
Skyline cable 0 
High lead 0 
3 wheel loader 0 
Tractor trailer 0 
Articulated with piggy back 
system 0 
Shovel yarder 0 
 
 
Table 19: Total number of processing machines surveyed in Limpopo 
Processing head 0 
Static delimber 0 
Manual debarker 0 
Debarker head 0 
Chain frail debarker 0 
Static ring debarker 0 
Mobile ring debarker 0 
Slash deck 0 
 
Table 20: Total number of loading machines surveyed in Limpopo 
Manual 0 
3 wheel loader 4 
4x4 articulated 0 
4x4 non-articulated 0 
Vehicle mounted knuckle 
boom 0 
Excavator 0 
 
 
 
  
CONTRACTOR DATA 
Mpumalanga data 
Table 21: Total number of felling machines surveyed in Mpumalanga 
Chainsaw 343 
Feller buncher 7 
Harvester 30 
 
Table 22: Total number of extraction machines surveyed in Mpumalanga 
Manual 58 
Animals 6 
Agricultural tractor (A-frame) 4 
Agricultural tractor with winch 5 
Self-loading agricultural tractor 0 
None-self-loading agricultural 
tractor 16 
Self-loading articulated dump 3 
Articulated with excavator 
loading 0 
Grapple skidder 13 
Cable skidder 19 
Clambunk skidder 70 
Forwarder 11 
Skyline cable 6 
High lead 9 
3-wheel loader  16 
Chutes 9 
Tractor trailer 8 
Articulated with piggy back 
system  0 
Shovel yarder  0 
 
Table 23: Total number of processing machines surveyed in Mpumalanga  
Processing head 55 
Static delimber 2 
Manual debarker 212 
Debarker head 3 
Chain frail debarker 2 
Static ring debarker 0 
Mobile ring debarker 0 
Slash deck 0 
Chipper 1 
 
  
Table 24: Total number of loading machines surveyed in Mpumalanga 
Manual 21 
3-wheel loader 104 
4x4 articulated 0 
4x4 non-articulated 0 
Vehicle mounted knuckle 
boom 5 
Excavator 24 
 
KwaZulu-Natal data 
Table 25: Total number of felling machines sampled in KwaZulu-Natal 
Chainsaw 163 
Feller buncher 0 
Harvester 41 
 
Table 26: Total number of extracting machines sampled in KwaZulu-Natal 
Manual 16 
Animals 0 
Agricultural tractor (A-frame) 7 
Agricultural tractor with winch 3 
Self-loading agricultural tractor 12 
Self-loading articulated dump 4 
Articulated with excavator 
loading 7 
Grapple skidder 5 
Cable skidder 10 
Clam bunk skidder 5 
Forwarder 11 
Skyline cable 1 
High lead 4 
3-wheel loader 4 
Chutes 3 
Tractor trailer 12 
Shovel yarder  2 
 
Table 27: Total number of processing machines sampled in KwaZulu-Natal 
Processing head 16 
Static delimber 20 
Manual debarker 312 
Debarker head 0 
Chain frail 
debarker 0 
  
Static ring 
debarker 0 
Mobile ring 
debarker 0 
Slash deck 0 
Chipper 0 
 
Table 28: Total number of loading machines sampled in KwaZulu-Natal 
Manual 60 
3-wheel loader 59 
4x4 articulated 1 
4x4 non-articulated 1 
Vehicle mounted knuckle 
boom 0 
Excavator 23 
 
Eastern Cape data 
Table 29: Total number of felling machines surveyed in Eastern Cape 
Chainsaw 35 
Feller buncher 2 
Harvester 3 
 
Table 30: Total number of extracting machines surveyed in Eastern Cape 
Manual 0 
Animals 0 
Agricultural tractor (A-frame) 2 
Agricultural tractor with winch 0 
Self-loading agricultural tractor 0 
None self-loading agricultural 
tractor 0 
Self-loading articulated dump 0 
Articulated with excavator 
loading 0 
Grapple skidder 1 
Cable skidder 9 
Clam bunk skidder 1 
Forwarder 1 
Skyline cable 1 
High lead 2 
3-wheel loader 0 
Chutes 0 
Tractor trailer 0 
  
Shovel yarder  0 
 
Table 31: Total number of processing machines surveyed in Eastern Cape 
Processing head 0 
Static delimber 2 
Manual debarker 0 
Debarker head 0 
Chain frail debarker 0 
Static ring debarker 0 
Mobile ring debarker 0 
Slash deck 0 
Chipper 0 
 
Table 32: Total number of loading machines surveyed in Eastern Cape 
Manual 0 
3 wheel loader 12 
4x4 articulated 0 
4x4 non-articulated 0 
Vehicle mounted knuckle 
boom 3 
Excavator 0 
 
Western Cape data 
Table 33: Total number of felling machines surveyed in Western Cape 
Chainsaw 22 
Feller buncher 0 
Harvester 0 
 
Table 34: Total number of extraction machines in Western Cape 
Manual 0 
Animals 0 
Agricultural tractor (A-frame) 2 
Agricultural tractor with winch 1 
Self-loading agricultural tractor 0 
Self-loading articulated dump 0 
Articulated with excavator 
loading 0 
Grapple skidder 0 
Cable skidder 2 
Clambunk skidder 0 
Forwarder 0 
  
Skyline cable 2 
High lead 1 
3 wheel loader 0 
Chutes 0 
Tractor trailer 0 
Shovel yarder  0 
 
Table 35: Total number of processing machines in Western Cape 
Processing head 1 
Static delimber 0 
Manual debarker 0 
Debarker head 0 
Chain frail debarker 0 
Static ring debarker 0 
Mobile ring debarker 0 
Slash deck 0 
Chipper 0 
 
Table 36: Total number of loading machines in Western Cape 
Manual 0 
3 wheel loader 7 
4x4 articulated 0 
4x4 non-articulated 0 
Vehicle mounted knuckle 
boom 1 
Excavator 0 
 
SMALL-SCALE TIMBER GROWER 
KwaZulu-Natal data 
Table 37: Total number of felling machines surveyed in KwaZulu-Natal 
Chainsaw 109 
Feller buncher 0 
Harvester 0 
 
Table 38: Total number of extracting machines surveyed in KwaZulu-Natal 
Manual 6 
Animals 0 
Agricultural tractor (A-frame) 36 
Agricultural tractor with winch 0 
Self-loading agricultural tractor 0 
  
None self-loading agricultural 
tractor 0 
Self-loading articulated dump 0 
Articulated with excavator 
loading 0 
Grapple skidder 0 
Cable skidder 9 
Clambunk skidder 0 
Forwarder 0 
Skyline cable 0 
High lead 0 
3-wheel loader 0 
Chutes 0 
Tractor trailer 0 
Shovel yarder  4 
 
Table 39: Total number of processing machines surveyed in KwaZulu-Natal 
Processing head 0 
Static delimber 0 
Manual debarker 108 
Debarker head 0 
Chain frail debarker 0 
Static ring debarker 0 
Mobile ring debarker 0 
Slash deck 0 
Chipper 0 
 
Table 40: Total number of loading machines surveyed in KwaZulu-Natal 
Manual 42 
3-wheel loader 10 
4x4 articulated 0 
4x4 non-articulated 0 
Vehicle mounted knuckle 
boom 0 
Excavator 0 
 
 
 
 
 
 
  
Annexure 8: Total sampled volume transported per truck configuration  
 
Table 1: Total sampled volume transported in hardwood per truck configuration 
Truck configuration 
Volume transported 
in m3 
Freight 4x2 1424500 
Freight 4x4 18000 
Freight 6x4 795690 
Freight 8x4 73590 
Interlink with 2 semi-
trailers 450556 
Freight 2 axle drawbar 
trailer 72000 
Freight 3 axle drawbar 
trailer 19500 
Freight 4 axle drawbar 
trailer 615500 
Freight 5 axle drawbar 
trailer 900000 
Tractor trailer 2 axle 30000 
PBS 0 
7 axle combination 0 
Rigid 6x4 axle trailer 33800 
6x4rigid 5 axle trailer 72305 
Rigid 8x4 4 axle trailer 303384 
Rigid 8x4 3 axle trailer 72305 
Rigid 8x4 5 axle trailer 786309 
 
Table 2: Total sampled volume transported in softwood per truck configuration 
Truck configuration 
Volume transported 
in m3 
Freight 4x2 12100 
Freight 4x4 0 
Freight 6x4 271000 
Freight 8x4 392000 
Interlink with 2 semi-
trailers 30000 
Freight 2 axle drawbar 
trailer 72008 
Freight 3 axle drawbar 
trailer 171005 
Freight 4 axle drawbar 
trailer 54012 
  
Freight 5 axle drawbar 
trailer 105000 
Tractor trailer 2 axle 0 
PBS 480000 
7 axle combination 108685 
Rigid 4 axle drawbar 
trailer 29000 
Rigid 6x4 axle trailer 44000 
6x4 rigid 5 axle trailer 139367 
Rigid 8x4 4 axle trailer 555687 
Rigid 8x4 3 axle trailer 264000 
Rigid 8x4 5 axle trailer 0 
 
 
